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Purpose of today’s webinar

The Authority is The Authority has published a suite of consultation papers,
] ) comprising the following four documents:
consulting with
interested parties 1. Cover paper: Future Security and Resilience — Review of
. . common quality requirements in the Code, Suite of three
on a discussion consultation papers
paper on the 2. Consultation (options) paper: Addressing more frequency

governance an d fluctuations in New Zealand’s power system
3. Consultation (options) paper: Addressing larger voltage deviations
management of and network performance issues in New Zealand’s power system
harmonics 4. Consultation (discussion) paper: The governance and
management of harmonics in New Zealand’s power system
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Context

Our power system
is changing

Proportion of inverter-based resources
(IBRs) is growing, and will continue to do so

More electricity industry participants with
new ways for consumers to participate

Greater reliance on intermittent and
variable wind and solar PV generation

These changes affect the security and
resilience of our power system
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Purpose

 Ensuring New Zealand’s power system remains
secure and resilient as we transition to a low-
emissions economy

Future Security &
Resilience Programme

FSR
indicators

Part 8 FSO
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Authority’s main statutory objective

« Promote competition in, reliable supply by,
and the efficient operation of, the electricity
iIndustry for the long-term benefit of
consumers

Additional objective

* Protect the interests of domestic consumers and small
A secure and resilient business consumers in relation to the supply of electricity to

power system those consumers
promotes our
objectives
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Review of the Part 8 common quality requirements

Part 8 review is addressing 7 key common quality issues
through a staged approach because the issues are foundational

to the safe and reliable supply of electricity to consumers

We have been actively working with stakeholders and seeking input
from technical experts across the industry, including:

« Common Quality Technical Group (CQTG)

« Professor Neville Watson of the University of Canterbury, a
leading international expert in power system harmonics

 Electricity Engineers’ Associations (EEA)
« MBIE and WorkSafe

« Overseas regulators (Australia, UK)

7 key common quality
issues identified

Issue 1: Frequency

Issues 2, 3, 4: Voltage

Issue 5: Harmonics
Issue 6: Information

Issue 7: Code terminology
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Our common quality
consultations during
2023 & 2024

« April - May 2023

» Consultation on 7 key common quality issues

« June — August 2024

« Consultation on short-listed options to help address
frequency and voltage issues (key issues 1 — 4)

» Consultation on current harmonics arrangements in
New Zealand (key issue 5)

* Quarter4, 2024

« Consultation on proposed Code amendments to
help address some of the common quality
information and Code terminology issues (key
issues 6 and 7)
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Making a submission

Appendix B of the consultation paper provides

the format for submissions

Submissions close 5pm, Tuesday 20 August

If you have any queries or would like to meet

individually, email us at FSR@ea.govt.nz
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DISCUSSION PAPER:

The governance and
management of harmonics
in New Zealand's power
system
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What are ‘Harmonics'?

Harmonics are distortions or interruptions in the current or voltage waveforms
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Some common
sources of
harmonics

Harmonic Producer

Harmonic

Notes

Transformers during
energization

2nd

Gone after 0.1 sec

Arc Welders and
Furnaces

Broad spectrum,
2nd, 3rd, 4th, 5th,
7th, 11th

Filters usually included

Ballasts, electronic

3rd, 5th, 7th

3rd cancelled in delta
transf

Plating Rectifiers

Typical 5th, 7th,
11th, 13th, etc,
magnitude 1/n

Varies by number of
pulses

Computers, switching
power supplies

3rd, 5th, 7th

3rd cancelled in delta
transf

DC Drives

Typical 5th, 7th,
11th, 13th, etc,
magnitude 1/n

Varies by number of
pulses

AC drives

Typical 5th, 7th,
11th, 13th, etc,

Varies by type, number
of pulses, system Z

Switching Cap banks

High frequencies,
depend on

system

Transients, induce
system resonances
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What are the issues with harmonics?

1. Poor power quality

2. Harmonic currents create heat
for example in transformers is
shown below

3. Harmonics may lead to
resonance with line inductance
and capacitance

4. Excessive harmonics distorts
input voltage which may cause
electrical equipment to operate
erratically or result in premature
failure.
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Changes to the power system

Traditionally the power system has had minimal harmonic distortions as the source of power was mainly “synchronous” based
generation.

The rapid increase in ‘non-synchronous’ based generation is introducing increasing levels of harmonics into the power system.

Voltage harmonics measured at 110 kV Wind Farm (UK)

Voltage ¥

Harmonic
Magnitude
(kV L-G)

0.6

Day of Month

Green: 7" Harmonic
Yellow: 5" Harmonic
Red, blue etc.: Other
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GOVERNANCE OF
HARMONICS
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Evolution of the governance of harmonics in New Zealand

NZECP 36:1993

ENGINZERING RECOMMENDATION S . 5/3_

" System Design and Develooment Committee NEW ZEALAND ELECTRICAL CODE OF PRACTICE
September 1976
CLASSIFICATION ‘C'

HARMONIC LEVELS

THE FLECTRICITY COUNCIL -

CHIEF ENGINEERS' CONFERENCE

LIMITS FOR HARMONICS

IN THE

Issued by the Office of
CNITED RKINGDOM ELECTRICITY SUPPLY SYSTEM The Chief Electrical Inspector,

Energy and Resources Division, Ministry of Commerce

Harmonic limits standard set in UK in 1976 Current Harmonic limits standardized in 1993
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Harmonics governance issues

Outdated regulation

The Code and the Electricity
(Safety) Regulations 2010 both
refer to the ‘New Zealand Electrical
Code of Practice for Harmonic
Levels’ (NZECP 36:1993)

NZECP 36:1993 is based on the
1981 ‘Limitation of Harmonic
Levels Notice’

Harmonic emissions limits in
NZECP 36:1993 were developed in
the 1960s and 1970s

Technology and the NZ power
system have changed since then

Ambiguity around applicability of harmonics standards

« The Code and the Safety Regulations contain harmonics standards
« The Code is subordinate to the Safety Regulations
* No conflict between the two at present

« Complying with the Code means complying with the Safety
Regulations

« But participants may not realise this — potential area of confusion

The Safety Regulations apply two different standards (NZECP 36:1993 &
IEC 61000 3 2) to equipment covered by the AS/NZS 4777.2 standard in
Part 6 of the Code and in distributors’ connection and operation standards
for distributed generation
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Scattered regulation

H%momc [EC 61000-3-6| IEEE Std. 519 | Discrepancy
rder (%)
NEW ZEALAND ELECTRICAL CODE OF PRACTICE 5 5 % 3 % 6 70/0
7 4%, 3% 33%
11 3% 3% 0%
13 2.5% 3% 17%
17 1.6% 3% 47%
19 1.2% 3% 60%
23 1.2% 3% 60%
25 1.2% 3% 60%
THD 6.5% 5% 30%
[EC 61000-3-6 [EEE Std. 519
Planning Detailed Not Detailed
},Ehf;‘byf:‘;;o‘ff”f[f‘ Ministy of Commerce Levels Documented well Not Documented well
New Zealand standard set in 1993 One of the differences between IEC 61000 and IEEE 519

standard - Planning levels at Medium Voltage Networks
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Harmonic

Governance
MANAGEMENT
OF HARMONICS Management

Conceptual framework
for requlating harmonics

Harmonic
Allocation and
Mitigation
Principles
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Conceptual framework for regulating harmonics

Governance

Harmonic
Management

Harmonic
Allocation and
Mitigation
Principles

Limitations of existing regulation
— NZECP36:1993

Applicability of AS/NZS 61000 suite of
standards in New Zealand for harmonics
regulation

Considerations for other standards/approaches
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Conceptual framework for regulating harmonics

Harmonic
Governance

Harmonic
Management

Harmonic
Allocation and
Mitigation
Principles

ORI

Roles and Responsibilities
Harmonics Measurement
Planning and Compatibility levels
Voltage levels

Compliance timeframes
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Conceptual framework for regulating harmonics

Harmonic
Governance

Harmonic
Management

Harmonic
Allocation and
Mitigatio
Principles

Status quo
AS/NZS based stage wise approach

Other approaches for harmonic allocation
and mitigation
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Links to relevant
documents

Future Security and Resilience roadmap — August 2022

Future Security and Resilience indicators

Consultation: The future operation of New Zealand’s power system

Submissions: The future operation of New Zealand’s power system

Consultation: Review of common quality requirements in Part 8 of
the Code — Issues paper

Consultation: Review of common quality requirements in Part 8 of
the Code — Options papers to address issues related to frequency
and voltage issues and a discussion paper on issues related to
harmonics
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https://www.ea.govt.nz/documents/1980/Covering-Paper-FSR-Final-Roadmap-and-Phase-Three.pdf
https://public.tableau.com/app/profile/electricity.authority/viz/Futuresecurityandresilienceindicators/Futuresecurityandresilienceindicators
https://www.ea.govt.nz/documents/4479/The_future_operation_of_New_Zealands_power_system_.pdf
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/future-operation-of-new-zealands-power-system/
https://www.ea.govt.nz/documents/2543/Issues_paper_-_Part_8_common_quality_requirements_DB356qc.pdf
https://www.ea.govt.nz/documents/2543/Issues_paper_-_Part_8_common_quality_requirements_DB356qc.pdf
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/review-of-common-quality-requirements-in-the-code/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/review-of-common-quality-requirements-in-the-code/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/review-of-common-quality-requirements-in-the-code/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/review-of-common-quality-requirements-in-the-code/

A DISCUSSION ON
THE ISSUES OF
HARMONICS

By Prof. Neville Watson

University of Canterbury
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I undamentals CHRISTCHURCH NEW ZEALAND

Disturbance Level

Current Voltage
- Fluctuating - Fluctuating
- Distorted - Distorted
Vhousel VhouseZ
Z,. — —

'.mselT |h0usezT
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Fundamentals: Types of Standards

1. Absolute (e.g. NZECP36)

2. Probabilistic (AS/NZS and IEC Standards)

Note that there are two types:

Installation standards and Device Standards
 Allow compliance of a site by 1 week measurements
 Considers different system loading/impedance



lllustration of basic voltage quality concepts with time
statistics relevant to one site within the whole system

UCe

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Waitaha
CHRISTCHURCH NEW ZEALAND

0.2
0.18 — Compatibility Level |
Assessed
016 — Disturbance |
Level
Planning .
0.14 — Level Immunity —
System Testing Level
Disturbance /

2012 |
i Level Local
a Equipment
2 01 Immunity —
3 Level
Q
Q
o 0.08 — _

0.06 [— |

0.04 — _

0.02 [— |

0 | | | | | | |
0 10 20 30 40 50 60 70 80 90 100

Disturbance Level
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Use Of cumUIative PrObabiIity DenSity funCtion S e g s

Level

Disturbance Level
Standard Exceeded__ 9% value\

Percentage Time = 100*(t1+to)/ rotal

Standard Limit

—
95%1 00%

Percentage of time 75%

level is below or
equal to x

Percentage Time
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UNIVERSITY OF
. . CANTERBURY
Framework for setting Harmonic Levels
Emission Levels of Test Conditions and
Harmonic and S evaluation
Interharmonic currents
1 6
Mitigation Electrical Network Harmonic levels (Emission, Compatibility,
techniques ) Planning and Immunity Levels specified in
a 3 5 Standards)
Immunity of Equipment Test Conditions and
to Harmonics and evaluation

Interharmonics

30



Allocation of permissible Emission Levels

O
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Harmonic Planning Levels
(Voltages)

Contribution to AV,

Diversity/summation
exponents

1l

Allocated

Allocation of Harmonic Current
Emissions

Relative size compared
to supply capacity

System Harmonic
Impedance

31




1. Limits must be matched to the compatibility level of equipment.

. Rather than setting limits to accommodate the most sensitive devices,
work on the lack of immunity for some devices. Hence the importance of

immunity standards.
. Different types of standards (e.g. Installation and Device).

4. Clarity of compliance and fairness in allocation.

. Enforcement.

32



Spectrum
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<Sub-harmonics >

A

Band 3

Band 2

Band 1

|
50 Hz 2.5 kHz
(or 2 kHzin some
jurisdictions)

150 kHz
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Subgroups
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o] Used for calculating 7.5
interharmonic subgroup

T
T

Inaccuracies in the
spectral component
magnitudes cause spill-
over to neighbouring
spectral components

I I I I I
340 345 350 355 360 365

Used for calculating 77
harmonic subgroup

| either side of the
harmonic.

I I I I
370 375 380 383 350 355 400

Frequency (Hz)

Used for calculating 8
harmonic subgroup

34

The international community is moving towards the use of the interharmonic subgroup concept of IEC 61000-4-7 Ed. 2 instead of individual interharmonic components.



. Allocation with Embedded generation

. Harmonic impedance variation

. What is the appropriate diversity/summation exponents for modern
power electronic equipment. How to deal with spread-spectrum devices.
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Diversity/Summation exponents

Diversity/Summation exponents
incorporate two types of diversity:

- Phase angle and time diversity

Indicative values means typical but
can be changed based on the
situation and knowledge of the
situation. Note 1 of AS/NZS
61000.3.6 makes this clear.

Extract from AS/NZS 61000.3.6:2012

On the basis of the information available to date, the following set of exponents can be
adopted in the absence of further specific information:

Table 3 = Summation exponents for harmonics (indicative values)

Harmonlc order o
h=5 1
5<h=<10 1.4
h=10 2

MOTE 1 When it is known that the harmonics are likely to be in phase (i.e. phase angle differences less than 90%),
then an exponent « = 1 should be used for order 5 and above.

MOTE 2 Conversely, some low order non-characteristic harmonics (e.g. 3") may have different causes that are
unlikely to produce in-phase harmonics, therefore an exponent higher than 1 could be used for these cases (e.g. o
=1,2).

MOTE 3 Higher summation exponents can be used for even harmonics that are less likely to be in phasze (for
h = 10).
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2. Allocation
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Transfer of Harmonic Distortion between different Voltage UN,VERSIT

levels CANTERBURY

Upstream
HV or MV

LV
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Transfer of Harmonic Distortion between different Voltage H(;

CANTERBURY

IeVEIs T Whaw hcmmga H itaha
HR 3 LW ZEALAND

Ignoring the damping of loads T T T T —— _
| L N
Vo = (T + oy + 1oy ) Z _ _ Ly N
h.HV ( hHV " ThMvE T ThiLy ) ac Loy = ( Ly + lov + 1oy )Zac JT_> by = 7 by = I LV\\
_ | ac
Vh,MV _Vh,HV +(|h,Mv + Ih,Lv )Zl | L L }
h,MV ~ “h,HV
7 Vv =V +(Ih,LV )Z2 Lomv = Loy :(Ih,MV +1 1y )ZE# lhmv = 7 - Ih,LV//
ac /// 1 /
/ L,.,—L d
h, LV h,MV 4
Upstream Lo —Low = 2o _—‘? Iy = .7
HV (Lh,HV) ~___ 22 7
| Harmonic current allocation at a

| h,HVL
Z h AV voltage level as a function of

planning levels

MV ( h,Mv) If damping of loads is considered.

|h MV h,MVL hHY = ((Ih,HV - Ih,HVL)+(Ih,MV o Ih,MVL)+(Ih,LV o Ih,LVL))Zac
h,MV :Vh,HV +((Ih,MV - Ih,MVL)+(Ih,LV - Ih,LVL))Zl

h,LV :Vh,MV +(Ih,LV - Ih,LVL)ZZ

|

<

LV (Lh,LV)

j7 NN
<

I h,LVL
h,LV
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Complexities:

Interaction in through the Voltage Waveform

UNIVERSITY OF
CANTERBURY

CHRISTCHURCH NEW ZEALAND

Voltage quality is
maintained within
allowable limits by
restricting the
emissions (Harmonic
currents injected into
the power system)

I,

N

Non-linear device b

Non-linear device a
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Harmonic penetration studies (Fixed harmonic current sources)

- Gives the harmonic impedance as seen from a prospective connection point for credible scenarios and
captures parallel and series resonances excited by harmonic current injection.

_HamomamweLﬂouLCLensomemseniauon)Jtm_hammmmanemmmmuxaLy due to:
There will be voltage waveform distortion. This could be due to the nonlinear device's interaction with
the AC system (i.e. the device’s harmonic current through the system impedance). It could also be partly

due to the voltage distortion caused by the current of other nonlinear devices flowing through the AC
system and adding to the voltage distortion.

« There is the influence of the phase angle of the harmonic voltage distortion at the terminals. The
harmonic current emission from nonlinear devices can be quite sensitive to the phase angle even though
the harmonic voltage magnitude remains unchanged.

. Ehere is coupling between harmonic frequencies. What happens at 5™ harmonic influences the 7t
armonic.

« Even an imbalance ac system (in voltage or impedance) can generate what are called uncharacteristic
harmonics.
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Representation of Harmonic producing Equipment T e
Vnode Imr node In] Vnode
< < N A 1
S e
Im’ E

ONERIONI IO

(a) Fixed Current (b) Norton Equivalent (c) Dependent Current
Injection Source
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Converter as a Modulator (translates frequencies)
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AC Equivalent

acp

acp

acn

acn

Converter DC Equivalent
Firing Angle
—Modulation
Harmonic
k+1 End of Commutation
4 Period Modulation
Duration of
Commutation Period
Harmonic Modulation
k
! dch
T Vacn |
Harmonic V
k-1 dch
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Waveform example 1
CHRISTCHURCH NEW ZEALAND
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o

-200
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Harmonic Order
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Waveform example 2

14.07.2016 16:07:43 0s 65ms 5350 14.07.2016 16:07:43
1,000.000 T r T
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l
600.000

400.000 —
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Waveform example 2 Spectrum

2000 Hz 498000 Hz 500000 Hz
18.000 o
16.000 o
14.000 <
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=
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0.000 - " s : \ . 'I | lihlI l lluu. 4:11]_;1.; ._.I“J_.L.uuI il |I| b i — . |
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Overview data =]

PQ-events: [81872]
Permanent record:

14.07.2016 14:42:41 22h 44m Os 15.07.2016 13:26:4%
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Waveform example 3
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Waveform example 3 Spectrum
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Waveform example 4




Waveform

example 5
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5. Mitigation
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The use of harmonic filters should be seen as a last step to obtain
compliance. They can be costly, incur losses and can cause
unwanted resonance.

The best approach is to use equipment that employs a better
design with lower harmonic current emission. This may involve
hardware change or simply the way it is controlled.

The next step is to try and add diversity as has been achieved for
irrigators and dairy companies in Orion’s network [1,2].

Failing these two approaches harmonic filters can be considered.

[1] Stewart Hardie, Neville R. Watson and Vic Gosbell, “An Investigation of Excessive Rural Network Harmonic Levels caused by particular Irrigation Pumps”, EEA
Conference, Christchurch, 19-20 June 2009.

[2] Neville R. Watson, Stewart Hardie, Tas Scott and Stephen Hirsch, “Improving Rural Power Quality in New Zealand”, EEA Conference, Christchurch, 17-18 June 2010.



Darfield 11 kV Incomer -V THD AB

From 1/01/2009 to 31/01/2009 Darfield 11 kV Incomer - V THD AB
8 From 1/01/2009 to 31/01/2008
. - [ ]
T Coun 2320 RFP
C Min 3626 10% — 100%
61— Avg 5818 B ]
C Max T.814 B -
- Range 4188 an, —— 80%
g5-F 51 Dev 07722 R —
5 - Avg +3 5tDev 8135 = -
- Avg -3 5iDev 5.501 = n
;-:: 4T CPOO5 4,063 6% - - 60%
- CPO1 4,707 o i H 0
E 3. CPOS ams | X B 4 o
= cP2E 5232 A0 —— 0%
< CPEo 5798 = -
o CP75 6418 B .
- CPo5 7.099 B 1
- i s 2% - - 20%
1+ CPE5S 7853 B _
- =l D582z ﬂ% B | | I 1 111 I 1111 I 1 | ﬂ%
0 [y I | L 1 I | | L | 1 I | L 1 } L1 L L | L1 I 0 ] 2 3 4 5 5 7
1 Thu 8 Thu 15 Thu 22 Thu 1 Sun Av THD AB] (%)
Jan 2009 Time av ]
Electrotek/EPRI PQView® Electrotek/EPRI POViews
Darfield 11 kV Incomer -V THD AB Darfield 11 kV Incomer - V THD AB
From 20/12/2009 to 9/01/2010
8 From 20/12/2009 to 9/01/2010
- — —
7= Count 2878 RP cP
o Min 2542 C 100%
E Avg 3894 r i
61 Max 5.592 14% - ]
E Range 3.0%0 - —— 80%
a5 St Dev 05133 12% + N
& VT Avg +3 StDev 5434 10% - B
= Avg-35tDev 2.354 + |
T4 cPOO.S 2797 - -~ 60%
r L CPO1 2903 | Q8% | i (9]
Cr CPOS 30y | & o ] o
% 3+ cP28 3814 6% - - 40%
2 CPS0 3878 - -
o cP7s 4242 - |
2 cPes 4764 4% T 1 209
C cPss 5.198 - _
1L CP995 5.379 2% -
- S Range 93840 0%”““%1111%11 I}IIIIIJIJ— 0%
0 | | - ‘}rue ] | | | | | 1 Lri | | I I 1 1 ; Lri I U 1 2 3 4 5 6 ?
Dec 2009 Time Avg[V THD AB] (%)

Electrotek/EPRI PQView® Electrotek/EPRI PQView®



Thank you for your attention!
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