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o (€S2.3.1(2012-2014): Leveraging of ICT infrastructure

o (CS2.3.3(2013-2014): Fault analysis with bi-directional

flows

o (CS2.3.5(2012-2015): Vector’s PV trials
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Abstract — This report presents the results of an extensive survey of ufility practices for the

O B a S e d O [ protection of distribution lines at the substation. The survey was issued in 2004 and responses
were received through 2001. Results of similar surveys were published in 1983 (Bef 1), 1988
(Fef 2}, and in 1993 (Ref3). In this survey, most of the sections were comparable to the earlier
surveys. In addition, these sections were expanded to collect more data on the reasons behind a
practice and on the methods used. Two new sections were added to address the impact of
organizational considerations on distribution protection, and to summarnize emerging
technologies and applications relevant to distnbution protection. The responses to this survey
have been compared to the previous surveys in an attempt to detect any trends in the protection
of distnbution circuits.

Infroduction — The IEEE Power Systems Relaying Committee (PSF.C) has the responsibality of
reviewing and reporting on current practices in protective relaying. In the distnbution area, the
“Effectiveness of Distnbution Protection™ Working Group of the Line Protection Subcommittee
has the on-going role to survey the ufility industry at peniodic intervals. The data collected
through this survey, when compared to the previous surveys, indicates that there are some trends
emerging. The advantages of these changing practices are discussed within this report. Further
surveys will be conducted to determine the extent of these and future trends.
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* Industry Survey
o Developed and Issued in 2013

First comprehensive survey of its kind for NZ
Based on previous international surveys

11 responses received (Covering 80% of NZ consumers)

®
®
o Distributed to all 29 companies directly and through EEA
®
o Report reviewed by Industry contributors

®

Planned for wider release through EEA
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Section 1- Utility General Information (4)

Section 2- Considerations (3)
Section 3- System Data (14)
Section 4- Phase Protection (4)

Section 5- Ground Protection (8)

Section 6- Reclosing (9)

Section 7- System Faults (7)

Section 8- Cold Load Pickup (6)

Section 9- System Operation (31)

Section 10- Single Wire Earth Return (SWER) (5)
Section 11- Distributed Renewable Generation (4)
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* Industry Survey

O

O
O
O
O
O
O
O

Developed and Issued in 2013

First comprehensive survey of its kind for NZ

Based on previous international surveys

Distributed to all 29 companies directly and through EEA
11 responses received (Covering 80% of NZ consumers)
Report reviewed by Industry contributors

Planned for wider release through EEA

Some findings important to CS2.3.3 highlighted

11
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— Q1.3 Available voltage classes and loads (MVA)

11kv._ /2418875 |31.86 | 9
33kv. /3447875  |4541 | 9
Other 1438|577 | 1
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— Q2.3 How often distribution protection settings are reviewed?

Reviews Utilities
When changes are known to have occurred 7

When problems occur
Annually
Periodically (2-10 years)

No policy
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— Q3.2 What are the design practices on the high voltage side of

transformers?

Practice Utilities
No interrupting device between transformer and feeders
Main Breaker

Parallel with other transformer through closed tie breaker
Parallel with other transformer through closed switch
Parallel with other transformer through open tie breaker
Parallel with other transformer through open switch
Breaker and a half or ring bus

HV fuse
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— Q3.4 What types of breakers are used in the feeders?

Breaker Type _ Utilities | %

OutdoorBreakers | 5 | 45%
ElectronicReclosers | 7 |  63%
HydraulicReclosers | 2 | 18% |
SFeswitch | 1 | 9%
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— Q3.8 What is the typical relaying applied to your feeders?

Device Utilities
Circuit reclosers

Phase overcurrent relays

Ground overcurrent relays

high impedance fault detection devices

Distance relaying

Negative sequence relaying
Directionalized overcurrent relays
Automatic tie control schemes
Under/Over voltage

Frequency deviation trip

Cable differential
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— Q3.10 What are the methods used to limit fault current on your
system?

Method Utilities
Phase Fault % Ground Fault

Phase or neutral transformer reactors 18%

Phase or neutral feeder reactors 0%
Transformer impedance only 63%
Source and transformer impedance 45%
Resonance grounding 0%
Neutral Earthing Resistor 0%
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— Q4.1 Do you apply phase overcurrent protective devices with
instantaneous trips for downstream fuse saving and other
purposes (Q4.2)?

Utilities

Fuse saving
Limit duration of fault for personnel safety

Limit equipment damage
Minimize voltage dip duration
Enhance coordination

Enable grading margins
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— Q4.4 What criteria do you use to determine phase overcurrent
pick-up?

Criterion Utilities

A multiple of expected feeder load

Conductor thermal limits

Emergency loading

Coordination considerations with downstream devices

Coordination considerations with upstream devices

Available tail end fault current
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— Q5.5 What is the basis for feeder Time-Delay Over-current pickup
settings?

Utilities

Percent of feeder maximum capacity
Percent of feeder expected maximum load
Percent of phase device pickup level

Fixed current level

Based on maximum downstream fuse size

Available tail end fault current
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— Q5.6 What feeder time-over current characteristics do you use?

| utilites | %

Ground fault definite time
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— Q6.2 How many re-closing attempts are configured?

| utilities | %
2attempt | 4 | 36%
3attempt | 6 | 54%
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— Q7.6 Protective devices clearing time criteria for distribution line
protection?

- |utilities| % |
Less than or equal to 50 cycles
Between 50+ and 75 cycles
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— Q8.3 What did you do to reduce or eliminate the CPLU tripping?

Utilities

Sectionalizing to pick up less load
Blocking instantaneous or fast tripping
Increasing the phase overcurrent relay pickup

Increasing the ground overcurrent pickup
Increasing the phase time overcurrent delay
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— Q9.2 What is your experience with sympathetic tripping?

— Q9.3 Relays causing the sympathetic trip

Utilities

Phase instantaneous over-current relay 0 0%
Ground instantaneous over-current relay 2 18%
Phase time over-current relay 2 18%
Ground time over-current relay 4 36%
Unknown 1 9%
AVR 1 9%
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— Q9.29 Are there IEC 61850 compatible relays/ devices installed?

| ilities | %
Yes (for parallel control of tap changers (1)) “
No 2] 18%
Planning in future
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— Q10.5 What are the protection devices at each voltage level?

Voltage Protection Device

Class Fuse Recloser Surge Arrester Drop out fuse Bypass switch
switch

Utilities Utilities % Utilities | % Utilities % | Utilities | %
19.1 kV 1 1 14% 0% - 0%
11 kV 4 3 42% 28% 14%
6.6 kV 1 1 14% 14% 0%
230V 1 1 14% 0% 0%
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e Section 11- Distributed Renewable Generation (DRG)

Utilities %
Added voltage check supervision 1 9%
Extended first shot reclose time 3 27%
Added communication permission/control 1 9%
Eliminated all reclosing on the feeder 3 27%
Added synchronism supervision - 0%
Reduced number of reclose attempts - 0%

— For domestic DRG there has been no effect on protection practice
of NZ distribution utility yet

28
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/' RA2.3: Protection and automation in active distribution

network
o (CS2.3.1(2012-2014): Leveraging of ICT infrastructure

o (CS2.3.2(2012-2013): Protection schemes used by NZ

distribution network utilities

o CS2.3.5(2012-2015): Vector’s PV trials
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This work supported financially by the New Zealand Ministry of Business, Innovation and
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future New Zealand with greater renewable generation and improved energy security through new
ways to integrate renewable generation into the electricity network. The project aims to provide
and delivering a functional and safe distribution network in which intermittent renewable
generation is a growing part of the energy supply. New Zealand currently generates about 75
percent of its electricity from renewable generation, making it a world-wide leader in this area.
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* Protection system are designed to clear the faults/abnormalities

* Short circuit analysis aids in achieving this objective by:
o Estimating the magnitude of fault current
o Providing robust protection coordination (selectivity, sensitivity & speed)

o For PV/Inverter the fault current contribution depends on the
control mode and Fault Ride Through (FRT) capability
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Synchronous DRGs contribute directly to the fault

curren t Subtransient Transient Steady-state
) period period period

(/—“—\ —~. Subtransient

‘ \ envelope

- N / Transient Steady-state
envelope

X \ﬁl\ envelope

o . _/__
i
AN

h\g” Extrapolation of envelope
/ steady value

Short-circuit current
=)

/ Extrapolation of
transient envelope
|
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PVs contribute through inverters

to the fault

Voltage Characteristic o
Lower limit of
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Single
1| ococ phese
converter inverter
PV
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Filter and
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interface

i ;

Reactive power control,
voltage control...

Controller for MPPT, PWM,

: Interface to Home
& > Area Network or
. Smart meter
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FRT capability:

PV plant should stay connected for cases - -
of grid faults depending on the fault duration. L| ococ | | Snee | | ierans
55 T | eonverter. inverter Mgﬂm
module — I
PV have also to provide support to the grid voltages s ol
Controller for MPPT, PWM, Interface to Home

by injecting reactive power

Reactive power control, H Area Network or
voltage control... Smart meter

', _
=)

Overcurrent at the AC side

Excessive DC-link voltage

Exceeds the reactive current injection
Loss of grid voltage synchronization
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* Test being conducted in cooperation with to find

the PV/Inverter model during the fault
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Passive network- low impedance fault
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B: Feeder fault
(AG- solid)

Fault Contribution of PV

V PCC <50 % => PV disconnects

F!V contribution
483 A
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Passive network- low impedance fault
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90% PV penetration- low impedance fault
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Impacts of PV on MV Zone
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Scenario

Location | | Net
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| fault

| Net | fault
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( Protection blinding )

The relay could be blinded
for high impedance faults

Impacts of DRG on MV Zone

Fault current passing through relay at the beginning

of the feeder

hY
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\ \\
AN \\
\\ \\\ \\
A \
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L \ \\ \\ B
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~} A Y \\ “~,
- AN ~ il
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O] \\ \\ S~ .
= AN s
3 N . W/o DRG
| ~ \~ 5.,,..'
w N S Sso
~\N£ s‘s =9 .-"'-.___
Relay Pick up current [~ V>~ T
i) h....~~
Unseen fault currpnt It Saieeang
byrelay | | T
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Impacts of DRG on MV Zone

( Miscoordination between protective devices )
N f””'\
Increase and decrease in fault current level of DRG o P
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(Sympathetic tripping (False tripping of feeders))
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(CS2.3.4)
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* Analysis of representative feeders

— PV/Inverter realistic modelling

e Being carried out in cooperation with EPECentre (will
add value to CS2.2.1 & CS2.3.3)

— Clustering

e Has been carried out in the context of CS2.2.1
* |Is adjusted to be used for RA2.3
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&) OF AUCKLAND Utility A Open Source Simulation Tool Assessment
Department of Electrical and fﬂr LDW Vﬂltage Netwn rks

Computer Engineering
Working Draft as of 24 Sep 2014

Investigators:
Zhongwei (J1ake] Zhang, Momen Bahadornejad and Mirmal Mair

* Analysis of repre

(Power Sysfems Group, University of Auckiand)

— PV/Inverter rea e

Thiz work supported finendally by the New Zesiand Ministry of Business, innovation and Emrpioyrment
R . (MBIE] SREEN Grig project funding. The GREEN Grid project is @ joint project led oy the University of .
Camterury with the University of Auckiand's Power System Group and the University of Otsgo’s Centre
* Being carried ¢ smamrmpmsmnvmrsssnosmeeeer antre (will
affically titked “Renswabie Ensrgy and the Smart Gric™ will contribube to = futere New Z=aland with
grester renswnable generation and improved energy seourity through new ways to inbegrete renewabie
( generstion into the eledricty nebwork. The project aims to provide government and industry with
a Va ue O - miethods for managing and baiancng supphy and dermand vansbility and delivering a funchional and safe
distritiution retwork in which inkermithent renswabie ssnaration is 8 growing part of the snergy sunply.
Hew Zealand osTently generabes about 73 peroent of its eledridty from renewaible peneration, making
it woric-wide: leadier in this ares

— Clustering wemoeserer

Thez murthors and imvestigators would lile to thank Sean Cross of Wector Limited for coondinating data
colisction and providing insightful fesdosd

* Has been carri 2.1

Saptemiber 2014

* |Is adjusted to be used for RA2.3
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Department of Electrical and
Computer Engineering

* LV network modelling

Spreadsheet

I I | I |
. Transformer I Conductor / " Connection ICP or load
- D ata p re p a rat I O n & Switch Type Length information information

1 1 1 i
1 1 1 |

0 - * N
Data processing /" ProcessingTook, Check
Resistance, '\ MATLAB, C, VB etc. Y Connections
— Open software /R, . —
Diameter, - Convert Form
. . . Rating, Types Feeders
simulation (Gridlab-D) | <
Phasing / Statistics Tool:
. Clustering ——» ")
— Feeder clustering L A \JUATABR
Form Objects | Output 1.
or Structures | = - /" Representative
Feeders
Scripting |«
e / Complete 7 / /Modelling Tool:
| Processing Tool _— ;mg cte PSS SINCAL,
— £ i \ GridLab-D, etc.
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OF AUCKLAND

Choice of Clustering Variables
(Methodology: weighted k-means)

Ref: J. D. Watson, N. R. Watson, D. Santos-Martin, S. Lemon, A. Wood, and A. Miller, “Low voltage
network modelling”, in 2014 Electricity Engineers’ Association Conf., Auckland, New Zealand, June 2014.

Orion representative feeders

Overall feeder No.: 10558
Main study purpose

— Power quality, load flow

Chosen clustering variables
— No. of residential ICPs

— No. of non-residential ICPs
— Ave. distance between loads
— kW rating

Vector representative feeders

Feeder No.: 23661 (40000+)
Main study purpose

— Protection & fault analysis

Variables choice reasons:
— To reflect different fault levels

— To reflect different cable
sheath locations for zero
sequence impedance models

66



222 THE UNIVERSITY

OF AUCKLAND . . .
Choice of ClUSterlng Variables
Department of Electrical and
Computer Engineering For Vector representative feeders
To calculate earth potential rise (EPR): 8 chosen variables:
— To reflect different fault level — Feeder maximum rating

— Circuit rating (mean & std)
— Circuit impedance (mean & std)

— To reflect different cable — Overhead circuit length

sheath locations for zero — Underground circuit length

sequence impedance models o
9 P — ‘Neutral screen’ circuit length*

Ref: A. K. Parsotam “Fundamentals of
calculation of earth potential rise in the
underground power distribution cable

*Neutral screen cable is emphasised by Vector on its importance as its

network”, in Power & Telecommunications neutral/earth screen provides protection against the hazards of electric
Systems Coordination Conf. , Melbourne,
March 1997. shock and has 60% to 80% coverage to protect the phase conductor.
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Vector Representative Feeders

K-means: silhouette plot & [2 3 |4
Mean| 0.915/|0.908 |0.503
k 3 Values >0.5 representative stq | 0.217!/0.128 l0.208
=<2 Value <0.2 not so good Max | 0.983/0.967 /0.771
Min \-.487/\-.254 / -.374
}{1[!4
. 21431 )
feeders
2- 1399 -
3_ 1 531 1 1 1 1 _
-0.2 0 0.z 0.4 0.6 0.8

Silhouette Walue

1 Centre

1 Median

1 Extreme

2 Centre

2 Median

2 Extreme

3 Centre

3 Median

3 Extreme

55759842

2197044

47051941

3401607

46721145

6373894

45970805

47372234

540826

Short

Short

Short

Short

Median

Long

Median

Short

Very Long

Cable
Cable Low
Cable Low
Cable +Line Median
Cable +Line Median
Cable +Line Median
Cable +Line High
Line High
Cable +Line High
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Appendix C: 3-D Computer Aided Design Visualization of the ‘Black Box’
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/' RA2.3: Protection and automation in active distribution

network
o (CS2.3.1(2012-2014): Leveraging of ICT infrastructure

o (CS2.3.2(2012-2013): Protection schemes used by NZ

distribution networks’ utilities
CS2.3.3 (2013-2014): Fault analysis with bi-directional

flows
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Vector’s PV Trials
Department of Electrical and
Computer Engineering

* 2013:

o Involved in Vector PV/Battery trial (SunGenie) by carrying out detailed
literature review resulting in a report.

o The report was released as a white paper.
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Vector’s PV Trials
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Vector
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Standards based testing of solar PV Inverters

Nicholas Carson

Department of Electrical and Computer Engineering
University of Auckland, Auckland, New Zealand

characteristics under sinmiated conditions for normal
abnormal and gnd fault scemarios. Understanding the
inverter's behaviour and capabilities makes it possible to
provide smidance to distbution companies about the potential
impact of adopting PV onto their networks and the suitsbility

Abstract

Solar photovoitaic (PV) systems are becoming more prevalent
in residential neighbourhoods both here in New Zesland and
abroad As dismbution utiliies face a fiuture of increasing

levels of diswibuted gemeration (DG) they have to comtend ‘ﬂm“—‘“hﬂ“ This
with power being exported back into the Low Voltage (LV) report is stuctured by bnefly discussing PV hw!-}h
network. In this respect it is important the associated inverter section 2, bow inverters can be affected by the LV gnid in
technology is well understood and can be set up in 3 manner section 3, the test bench itself is explained in section 4, what
which supports the local grid codes. The aim of this project tests were conducted and bow is detailed in saction 5, section

‘was the development of 3 universal test beach for single phase
residential scale PV mverters that is cost effective and adheres
to internationsl best practices. A solution is presented
consisting of a programmable DC source — acting as the PV
panels, a programmable current sink — for the residential load,
a programmable AC source ~ representing the LV grid and a
power quality analyser for data capture and analysis It is
shown that by subjecung the inverter to a range of basic and
advanced tests the inverter behaviour can be characterised and

‘cement the validity of the test bench solution.

1. Introduction

Distributed generation (DG) is an increasing topical issue
the feld of electrical power systems. This can be viewed not
qpndhmkmtmmh“i

land [2] is no
IWmBEmiﬁem purpose is the
conversion of direct current (DC) power from solar panels 1o

Gbﬁﬂl—&tﬂ_u_ﬂh
project, while section 7 provides some reasoning for why
test bench has been validated future work is explored in
section 8 and the report is concluded in section 9.

2. Photovoltaic inverters

The following provides a brief overview of PV imverter
functionality and the carrent standards for testing them.

1.1 Inverter functionality

inverters convert the DC created by the PV panels to an AC -
via a Pulse Width Modulaton (PWM) to sine wave

AC stapes. These stages handle various responsibilities such

o ‘balancing the mput voltage and
power decoupling at the output of the PV module [5]. Modern
- SR = e
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Standards based testing of sol:

Abstract

Solar photovoitaic (PV) systems are becoming more prevalent
in residential neighbourhoods both here in New Zealand and
abroad As distbution utilities face a future of increasing
levels of distwibuted generation (DG) they have to comtend
‘with power being exported back into the Low Voltage (LV)
network. In this respect it is imporant the associated inverter
technology 15 well understood and can be set up in 3 manner
which supports the local grid codes. The aim of this project
‘was the development of 3 universal test bench for single phase
residential scale PV mverters that is cost effective and adheres
to internationsl best practices. A solution is presented
consisting of a programmable DC source — acting as the PV
panels, a programmable current sink — for the residential load,
a progr ible AC source - rep ing the LV grid and a
power quality analyser for data capture and analysis It is
shown that by subjecung the inverter to a range of basic and
advanced tests the inverter behaviour can be characterised and
appropriate semings can be determuned The acceptance by
industry of the results and real world test comparison helps
cement the validity of the test bench solution.

1. Imtroduction

Distributed generation (DG) is an increasing topical issue
the feld of electrical power systems. This can be viewed not
qpnaum:mhmmuuu

-ch"' land [2] is no
a PV system is the inverter whose primary pwrpose is the
conversion of direct current (DC) power from solar panels o

\I_ 2 _ ) ™\ T™_°_1I_

smart meter for 3 power analyser - data logger and the power
£nd for 2 programmable AC source as shown in Figure 3.3,

y
 Cismpat | o ‘#”‘"l'.
-.uu,—wb--\-— ,_.,ﬁ

Fizure 3 3: The inverter test bench. a sinplified representation
of a zrid ded residental PV mstallanon.

4.2, What equipment was needed”

The test bench comsists of a programumable DC supply,
programmable AC source, digital power meter, programmable
AC load and the mverter under test.

The IEEE 1547.1 standards umder section 4.3 ‘Measwrement
ucuxsudcahbnmofﬁenesmgeqm [5] and the
test protocol [18] provided more specific gwidance under
section 5.2 ‘Test Equipment ’, Table 5-1,
regarding the mavimum uncertainty of the test equipment
The following test bench devices adhere to these guidelines.

421. Programmable DC supply

A Sorenzen SGIS00-6.2 DC Supply was utlised as the source
for the mverrer under test. This partcular device 1s capable of
ourputung 800V ar 6A and is swtable for enmlatng a
residential scale PV panel mstallation of up to 48kW. The
device 1s programmable either by way of the front panel or for
mors complex inputs via the rear RS232 porr and a seral
termunal programme (such as MS HyperTernunal). This lamer
finctionality would allow for vanous stochastic imadiance
parterns to be sinmlated.

422  Programmable AC source

The intention of thus device 1s 10 sl the LV znd k
and the vamous op conditi the i could

experience. The ability to program ramp and step functons 13

the Dome.
424 Digital power meter

To evaluate an inverter after each run of tests it 1s necessary 10
accurately capture the elecmical quantities such as voltage,
current. power — both real and reactive, current harmomnics and
waveform distortions. A Fluke 434 Power Quality Analyser
was murnially used but due to limited resoluton of one second
intervals we moved onto a more capable ELSPEC G¥J00
BL4CKBOX PO4. The ELSPEC device samples at 1024
times per cycle for voltage and 256 times per cycle for current
resuling i  high resolution waveforms thar aided
characterising the inverter behaviouwr in response to the
simmlated fault condinons. Reviewing of captured data was
viewed using the relevan: device's propneary soffware.

425 Dverters tested

Two mverters - toas Aand B m this
report - were tested dunng the course of this project Both
were rated at 3 max ourpw: of 3kW. By hammessing their
proproewary soffware the advanced funcuonality was explored
and tested.

2. Tests undertaken
The tesung regime was sectioned into two categones: basic
and advanced tests.
£.1. Basie tests

The following desaribes the rypes of tests as camed out in
accordance with the applicable standard. Where :ppmpnm

‘both the de and tme resp was
wwedwesndmubmconmedmthefouvm
subsection (5.3).

5.1.1.  Over/under voltage

The IEEE 15471 standards for Over’ Under Voltage are
summarised in Table 1 and closely follows the accepted levels
in New Zealand of -1 1p.au for over voltage and <0.88pu for
under voltage. as indicated by Vector grid codes (msert ref)
and are considered as such when the event persists for greater
than one minuze.
Table 1: Over and Under Vol

[EEE 1547 VECTOR
Max Dise. | Voltage Max Drse.
Tume (secs.) |Range (pu.) | Time (secs)
0.16 - -
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. B
BasIC |IEEE Standards based

*OV/UV also Sags and Swells '
*OF/UF 1547.1"
-Efficiency rating o
*Harmonics and THD

o VRT

*Disconnection and Reconnection

Electric Power Systems
New Zealand voltage levels Volts (V) Per Unit (P.U.)

Nominal 1.00

9r

EEE Dldlllla

New Zealand frequency levels
(Hz)

T Tiaka Nominal S
bamess Overvoltage > 253 >.10 SsSW " TT T B, S

- - . /|t . . - [ NN ~ ~ ~ - .
/ i Over-frequency S5
IbgEagR Undervoltage <202 . N =
11177 : N\ Under-frequency . &
/) ]] : \ o . X :
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e 1. Advanced DER Inverter Functions contained in I[EC TR 61850-90-7

Function Description Type

S Physically connect or disconnect from grid Command
Adjust Maximum Generation Set maximum generation level at Electrical Coupling c d
Level Point (ECP ommarn
. Adjust Power Factor Issues a power factor angle value Command
. Volt / Reactive Power (VAr) Request charging or discharging of the storage system | Request
P W / F H P\V/Storage Functions Change the signal parameters for the storage system Request
wer ( ) [ N ( Z) Volt-Var mode Provide vars with no effect on watts Set Parameter
QRS SOIEITER] Volt-Var mode
1) — fi 1 Volt-Var mode Establish fixed var setting
Cos(phi) - fixed and variable  ESTRRFRRs Sot Parameter

Set up as Reactive Power Q, ~_Set maximum power output Al:ti\{e power reduction duelto hig quency Set Parameter
Set maximum power output Meodify frequency-watts-delivered or watts-received Set Parameter
P P curve according to time of day or other parameters

SMA MPS Inverters Designed for Supply Reactive Power Q-VArMod=VArCtivol Dynamic reactive power support Provide var support at times of abnormally high or low Set Parameter
voltage

= Reactive Power is set according to the power line voltage. Q-VArM od=VArCtiVol Connect/disconnect settings Set voltage ride-through or disconnect requirements Set Parameter
Power factor settings Set power factor in response to feed-in power Set Parameter

[ oo | sertios | . Madify power factor-watts curve according to other
— Power factor settings fy po 9 Set Parameter
. - ararnEterS
| Relative to Uref. S ;
P ’ SEtIDL!‘tpul to smooth voltage Voltage-watt curve of generator output based on various Set Parameter
deviations parameters

?::igl{:tcﬂg to smooth voltage Voltage-watt curve of storage charge/discharge output Set Parameter

a-VolwidNom & 4 62
Temperature mode behavior Temperature-based curves Set Parameter
I line voltage Signal mode behavior Mode curves based on utility signal Set Parameter

a-varTms B . Set default ramp rate, min. storage level, max. storage
Modify DER Inverter Settings charge/discharae rate Command

Q-VolRefN om

= Sign Criteria = Power Plant Event/History Logging Request event logs
Q=0 Feed in reactive Power \ Status Reporting Request inverter status
Q<0 Gonsume reactive Fower : Time Synchronization Set inverter time =
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Grid Parameters

SN: 1402745595 - PVI-3.0-OUTD-AU (AS 4777)

value V]
- us> 264.50
- 264.50
-y o)
Uconn > 264,50
Uconn < 204,70
- us< 204.7
- U< 204.70
Value Hz]
—Ri== 52.00
- 52.00
Feonn > 52.00
Feonn < 47.50
- f< 47.50
- f << 47.50

Time for conn. after no grid fault
Time for conn. after grid fault

Timeout [ms]
1800
1800

1800
1800
Timeout [s]
1.80
1.80

.80
.80
Time [s]

&0

60

Time for restore after freq. derating | 1

= U > (107 Derating

PRINT

Read

@ Communication ok

Write

Reactive Power Settings

P/Pn

= 3 0.50

..

g Lockin

EN @ | 0.00

2
.
Lodk-in

@ | 0.00

Revert to defaults Read

Mode (10)
value 0.00
Timeout

A H rorever

Read

cos(e)
-0.90
-0.90
-0.90
-0.50
Lock-out
0.00

write
Q/Pn
-0.48
0.0000
0.0000
0.4343
Lock-out

0.00

Write

EETT R -

min.

—

Active Power Reduction
Timeout o min.

W rForever

Limitation 100.00 =%
Smeooth o 5.
Read Write
Slow Ramp
Mode _Dwsabled -
Slope @ =
Read Write

Overfrequency Derating

Mode Disabled -
Start 52.00 Hz
Slope 40.00 %

Read Write

Software interface for accessing advanced features
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|
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Advanced

. Volt / Reactive Power (VAr)
. Power (W)/ Frequency (Hz)
. Power Factor or Cos(phi)
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Min/Max L1 RMS vVoltage (Cycle by Cycle), PQS Node@PQS Site
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236 W
234 W
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230 W
228 W
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224 W

Voltage ¢

Min/Max L1 Reactive Power (Fundamental+ harmonics) (Cycle by Cycle), PRQS Node@PQS Site

200 VAr
600 VAr
400 VAr
() 200 VAr
> = 0 vAr
= O
0 ; < -200 VAar
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+/ |+
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/ ->
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FREQUENCY-POWER

i _ad

Min/Max L1 Active Power (Fundamental+ harmonics) {(Cycle by Cycle), PQS Node@PQS Site

0.75 kW
o 0.70 kw
0.65 kw
Min/Max L1 Frequency, PQS Node@PQS Site
51.0 H=z A=
50.9 Hz
50.8 Hz
o 50.7 Hz
D- @] | 505 Hz
m E 50.5 Hz
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Il [] .‘l.lh_ ' A
+1 1L [T ¥ S0.2 Hz
bl 14 i ) S50.1 Hz
e 4 b 50.0 Hz =
“ e ‘. | : 11:16:45s 11:17:00s 15s 30s
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;
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Power (kW)

—

Min/Max L1 Reactive Power (Fundamental+ harmonics) (Cycle by Cycle), PQS Node@PQs Site

Reactive e

-0.5 kWAr

Power (kVAr) = EEE8
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m
-0.90 CAF )
L

-0.95 CAP
1.00

Power Facto P

0.85 IND
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Notice

This work supported financially by the New Zealand Ministry of Business, Innovation and Employment
(MBIE) GREEN Grid project funding. The GREEN Grid project is a joint project led by the University of
Canterbury with the University of Auckland’s Power System Group and the University of Otago’s Centre
for Sustainability, Food, and Agriculture, and with a number of electricity industry partners. The project,
officially titied “Renewable Energy and the Smart Grid” will contribute to a future New Zealand with
greater renewable generation and improved energy security through new ways to integrate renewable
generation into the electricity network. The project aims to provide government and industry with
methods for managing and balancing supply and demand variability and delivering a functional and safe
distribution network in which intermittent renewable generation is a growing part of the energy supply.
New Zealand currently generates about 75 percent of its electricity from renewable generation, making
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SMART METER ENABLED CONTROL OF EXISTING AND FUTURE HOUSEHOLD
LOADS

Muntdhar Al-Yassiri

Department of Electrical and Computer Engineering
University of Auckland, Auckland. New Zealand

Abstract

People all over the world are consuming more and more
electnical energy each day. As a result there 15 2 greater
need for smarter mdmnt adzpublepowu systems.

wall

Through

haﬂebh&amm&m&ngof&nw}'
power consumphon and comtrol of thewr home
ppli l:lny mp vn]lbeabhtvhz\!:

Automated Meter Reading (AMR) Systems. Automated
Meter Management (AMM) and Advanced Metenng
Infrastructure (AMI). Ind:epastwmugsysm
(AMR) were only cap of
m:nm'du‘cdyﬁmnhmmhmhqr Over time
newer technologies were bemg made avalable ANMM
allows two-way communication between the customer
and the uhhity. The two-way commumcation allows for
ds to be uploaded to the meter and data
downl ﬁamdnm{l]mmwhmhm

greater und g of power
mmnswhdamldhlpmmakmgﬂnnﬂ-mkm
ficient. This paper d of a
Smmhheenbkdcmﬂolofmmgandfnm‘
household loads. A prototype was developed, simulated
as a Smart Home to show the behaviour of 2 typical
home during times of peak demand A load control
pnonty algonthm 15 presented This algonthm looks
mto a hypothetical settng for a consumer with a range
of loads and diffennng umportance of each load dunng a
24 hour cycle.

1. Introduction

We are Iving 1n 2 world where we are consuming more
electncal energy than ever before. As a result a need for
smarter technology 15 requured to ensure the stability of

now referred to as "Smart Meters" also use two-way

commumication. However the AMI system measures,

collects and analyses energy usage, and commmmcates

ether on request or on a schedule where the
1on 1s either wireless or wired[2].

The electrical power that 15 supplied should always
equal the electncal power that 15 in demand As demand
keeps 1 Jectncal will need to make
use of wmefficient backup generators which n twmn create
extra costs for customers. Construction of new
pnsmrmdummsmnetwudswﬂlbemqmndm

cope with d electmcal d d. Demand Side
Mmam(DSM)ua‘wywmwhnn
comes to load for the of a
b hold Utlhines usually have an agreement wath the

ow power systems petwork. Smart Gnd technologies

0

m reg tod:enmmlpowucmmm

are paving the way for the future for the power sy
mdustry. A Smart Gnd mcorporates both digital and
analogue technology for two-way commumcation

When the utility exp a problem m the
mhmswbh\!ophdmacahm&mmdndn
plan wall have some of thew loads curtailed

between the uhlity company and the
Embedded within the Smart Gnd is a Smart Meter. The
Smart Meter 15 a device installed m a customers’ home.
The Smart Meter 1z more advanced than the
conventional meter installed in homes. Smart Meters are
able to measure real-me energy consumption which

lude a vast of mfc that 15 beneficial to
the unlity. This includes power, voltage, phate angle
and frequency which can then be relayed back to the

AL TN RPN N0 ANy ARl TINeaTOg M TSCRATE T SIS

so that the total energy consumption 15 reduced and the
1mpact on the utbity network 15 reduced [3]. This way
the customer and the unlity are benefinng the customer
gets a lower power bill while the utility expenences less
demand

This report presents a method of smart load control
_gaSmmMmtoemlcomnhmd:dd
devices. The report mall be 12ad as foll S
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Status of Smart meter implementation No. of
Companies

Initiated / will be initiated shortly

Installing

Installed in most part of the network

Planning and deployment in coming years

% of Consumer connections
under this status
15.80%

40.57%
38.67%
4.95%
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Communication
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UHF
* Microwave

copper cables

fibre infrastructure

Cellular data
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Questions
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Q1: What is the technology used for Advanced Metering Infrastructure?

Q2: Are Smart meter roll-out and establishment of communication medium,
going on simultaneously?

Q3: Do you agree that the peak consumption timing of consumers will change
with smart meter enabled dynamic pricing?
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Questions
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Computer Engineering

o Q4: To achieve the above point, it may be necessary to integrate the smart
meters with Home Energy Management Systems (HEMS). Do you have any

plans in this regard?

o Q5: Do you have any plans to install In-Home Displays OR similar
arrangements at consumer locations?

o Q6: If the existing communication links are old and needs replacement, then
what is the alternative technology planned for implementation?
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Questions
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Computer Engineering

Q7: What types of meters are installed at distribution transformer sites?

Q8: Are you planning to use smart meters as an alternative to ripple control?
What is timeline?

Q9: It is anticipated that the smart meter roll out would lead to significant
adoption of price based DR. What is your view on this?
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Questions

Department of Electrical and
Computer Engineering

o Q10: What is your opinion on having a common platform for the AMI
implementation?

o Q11: What if the regulations similar to Victorian government is implemented
in New Zealand? What is your view?

Template for Submission (Click Here
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Conclusions

Department of Electrical and
Computer Engineering

o Impacts assessed and some solutions introduced which need further
implementation details developed , tested and assessed

o Basic and Advanced tests of inverters are required before implementing PV
business plans of other line companies

o Good to have a consensus driven and consistent platform for advanced
metering infrastructure in New Zealand
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