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RA2.2: Impacts of different scales of DRG deployment  
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o CS2.2.1 (2012-2013): New modelling methodology  
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New Zealand Distribution Network Protection Practices 
 

• Industry Survey 
o Developed and Issued in 2013 

o First comprehensive survey of its kind for NZ 

o Based on previous international surveys 

o Distributed to all 29 companies directly and through EEA 

o 11 responses received (Covering 80% of NZ consumers) 

o Report reviewed by Industry contributors 

o Planned for wider release through EEA 

o Some findings important to CS2.3.3 highlighted 
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Survey Highlights 
 

• Section 1- Utility General Information 
– Q 1.3 Available voltage classes and loads (MVA)  
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Voltage Class, kV Load, MVA % of TOTAL UTILITIES 

6.6 kV 10 0.13 1 

11 kV 2418.875 31.86 9 

22kV 229 3.02 2 

33 kV 3447.875 45.41 9 

66 kV 1049 13.82 5 

Other 438 5.77 1 



Survey Highlights 
 

• Section 2- Considerations 
– Q 2.3 How often distribution protection settings are reviewed? 

 

13 

Reviews Utilities  % 

When changes are known to have occurred  7 63% 

When problems occur  8 72% 
Annually  1 9% 
Periodically (2-10 years) 5 45% 

No policy  1 9% 



Survey Highlights 
 

• Section 3- System Data  
– Q 3.2 What are the design practices on the high voltage side of 

transformers? 
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Practice Utilities  % 

No interrupting device between transformer and feeders  2 18% 

Main Breaker  10 90% 

Parallel with other transformer through closed tie breaker  3 27% 

Parallel with other transformer through closed switch  2 18% 

Parallel with other transformer through open tie breaker  - 0% 

Parallel with other transformer through open switch  1 9% 

Breaker and a half or ring bus  - 0% 

HV fuse 1  9% 



Survey Highlights 
 

• Section 3- System Data  
– Q 3.4 What types of breakers are used in the feeders? 
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Breaker Type Utilities % 

Metalclad Switchgear  10 90% 

Outdoor Breakers  5 45% 

Electronic Reclosers  7 63% 

Hydraulic Reclosers  2 18% 

SF6 switch 1 9% 



Survey Highlights 
 

• Section 3- System Data 
– Q 3.8 What is the typical relaying applied to your feeders? 
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Device Utilities % 

Circuit reclosers  6 54% 

Phase overcurrent relays  11 100% 

Ground overcurrent relays  11 100% 

high impedance fault detection devices  2 18% 

Distance relaying  1 9% 

Negative sequence relaying  2 18% 

Directionalized overcurrent relays  - 0% 

Automatic tie control schemes  1 9% 

Under/Over voltage 1 9% 

Frequency deviation trip 1 9% 

Cable differential 1 9% 



Survey Highlights 
 

• Section 3- System Data  
– Q 3.10 What are the methods used to limit fault current on your 

system? 
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Method Utilities 

Phase Fault % Ground Fault % 

Phase or neutral transformer reactors  2 18% 2 18% 

Phase or neutral feeder reactors  - 0% - 0% 

Transformer impedance only  7 63% 4 36% 

Source and transformer impedance  5 45% 1 9% 

Resonance grounding  - 0% 5 45% 

Neutral Earthing Resistor - 0% 6 54% 



Survey Highlights 
 

• Section 4- Phase Protection   
– Q4.1 Do you apply phase overcurrent protective devices with 

instantaneous trips for downstream fuse saving and other 
purposes (Q4.2)?  
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  Utilities % 

Fuse saving 3 27% 
Limit duration of fault for personnel safety  8 72% 

Limit equipment damage  9 81% 

Minimize voltage dip duration  5 45% 

Enhance coordination  8 72% 

Enable grading margins 1 9% 



Survey Highlights 
 

• Section 4- Phase Protection   
– Q 4.4 What criteria do you use to determine phase overcurrent 

pick-up?  
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 Criterion Utilities % 

A multiple of expected feeder load  7 63% 

Conductor thermal limits  8 72% 

Emergency loading  7 63% 

Coordination considerations with downstream devices  9 81% 

Coordination considerations with upstream devices  9 81% 

Available tail end fault current  8 72% 



Survey Highlights 
 

• Section 5- Ground Protection  
– Q 5.5 What is the basis for feeder Time-Delay Over-current pickup 

settings?  
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  Utilities % 

Percent of feeder maximum capacity  3 27% 

Percent of feeder expected maximum load  1 9% 

Percent of phase device pickup level  2 18% 

Fixed current level  - 0% 

Based on maximum downstream fuse size  2 18% 

Available tail end fault current  3 27% 



Survey Highlights 
 

• Section 5- Ground Protection 
– Q 5.6 What feeder time-over current characteristics do you use?  
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  Utilities % 

 Inverse Time  7 63% 

Ground Instantaneous  1 9% 

Definite Time Delay  7 63% 

Ground fault definite time 1 9% 



Survey Highlights 
 

• Section 6- Reclosing  
– Q 6.2 How many re-closing attempts are configured?  
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  Utilities % 

1 attempt  5 45% 

2 attempt 4 36% 

3 attempt 6 54% 

4 attempt 2 18% 



Survey Highlights 
 

• Section 7- System Faults  
– Q 7.6 Protective devices clearing time criteria for distribution line 

protection?  
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  Utilities % 

Less than or equal to 50 cycles 7 63% 

Between 50+ and 75 cycles  1 9% 



Survey Highlights 
 

• Section 8- Cold Load Pickup (CPLU) 
– Q 8.3 What did you do to reduce or eliminate the CPLU tripping?  
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  Utilities % 

Sectionalizing to pick up less load - 0% 

Blocking instantaneous or fast tripping 1 9% 

Increasing the phase overcurrent relay pickup 2 18% 

Increasing the ground overcurrent pickup 3 27% 

Increasing the phase time overcurrent delay 1 9% 



Survey Highlights 
 

• Section 9- System Operation  
– Q 9.2 What is your experience with sympathetic tripping? 

• Yes (6), No (3), Don’t know (2) 

– Q9.3 Relays causing the sympathetic trip 
  

 

 

25 

  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% 



Survey Highlights 
 

• Section 9- System Operation  
– Q 9.29 Are there IEC 61850 compatible relays/ devices installed?  
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  Utilities % 

Yes   (for parallel control of tap changers  (1)) 8 72% 

No  2 18% 

Planning in future  1 9% 



Survey Highlights 
 

• Section 10- Single Wire Earth Return (SWER)  
– Q 10.5 What are the protection devices at each voltage level? 

 

 

 

 

 

 
Note: Percentages in this table are based on the 7 respondent utilities who have SWER 

27 

Voltage 
Class 

Protection Device 

Fuse Recloser Surge Arrester Drop out fuse 
switch 

Bypass switch 

  Utilities % Utilities % Utilities % Utilities % Utilities % 

19.1 kV 1 14% 1 14% 1 14% - 0% - 0% 

11 kV 4 57% 4 57% 3 42% 2 28% 1 14% 

6.6 kV 1 14% 1 14% 1 14% 1 14% - 0% 

230 V 1 14% - 0% 1 14% - 0% - 0% 



Survey Highlights 
 

• Section 11- Distributed Renewable Generation (DRG)  
– Q11.2 What effects DRG (MV) has on your usual protection 

practices?  

 

 

 

 

 

– For domestic DRG there has been no effect on protection practice 
of NZ distribution utility yet  
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  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% 
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RA2.2: Impacts of different scales of DRG deployment  
on the LV network 

o CS2.2.1 (2012-2013): New modelling methodology  

o CS2.2.2 (2013-2014): Simulation platform 

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

flows 

o CS2.3.5 (2012-2015): Vector’s PV trials 
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PV 
Protection 
& Control 

(P&C) 
System 

Home Zone Protection: 
MCB 

LV Zone Protection: 
Fuse 

MV Zone Protection: 
Over Current Relay 

Part 2: Issues of Active Distribution Network 
Protection 
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Issues of Active Distribution Network 
Protection 



Short Circuit Analysis 

• 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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DRG Behaviour in Short Circuit Analysis 

34 

Rotating 
Machines 

Synchronous DRGs contribute directly to the fault 

current. 
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Inverter 
Based 

DRG Behaviour in Short Circuit Analysis 

PVs contribute through inverters  

to the fault 



PV/Inverter Behaviour under Fault Condition 

36 

FRT capability: 
PV plant should stay connected for cases 

 of grid faults depending on the fault duration. 

PV have also to provide support to the grid voltages  
by injecting reactive power 

• Overcurrent at the AC side 
• Excessive DC-link voltage 
• Exceeds the reactive current injection 
• Loss of grid voltage synchronization 

4 major issues which 
limit PV contribution 
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PV/Inverter behaviour under Fault Condition, 
Cont.   

 

 
 
• Fault contribution of PV/Inverter is limited to maximum  
     2 per unit (as per literature review and industry practices)  
• If the current exceeds the limit, the inverter is disconnected  
      from the grid 
• Test being conducted in cooperation with UC/EPECentre to find 
       the PV/Inverter model during the fault  
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Orion Representative Test Feeder  
for LV Protection Demo 



Impacts of PV on LV Protection 

39 

A type B MCB trips in less than 0.1 sec for the currents 
above 3 In up to and including 5 In 

MCB, fuse, and over current relay (OCR) characteristics: 
The min operation time of MCB has been set to 0.05 sec 
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Impacts of PV on Home Zone 

Passive network- low impedance fault 
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Impacts of PV on Home Zone 
90% PV penetration- low impedance fault 
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Impacts of PV on Home Zone 
Passive network- high impedance fault  

Ti
m

e 
(S
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Impacts of PV on Home Zone 
90% PV penetration- high impedance fault   

 
Summarizing on Home Zone protection: 

No significant impact on the MCB after PV integration observed.  
Modelling shows MCB trip faster due to fault current increases.  
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Impacts of PV on LV Zone 
Passive network- low impedance fault 
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Impacts of PV on LV Zone 
90% PV penetration- low impedance fault 

Conclusion On LV Zone: 
The operation time of Fuse is prolonged 
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Impacts of PV on LV Zone 



Fault Contribution of PV 
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B: Feeder fault  
   (AG- with Rf) 

V PCC > 50 %  => PV stays 
connected 

 
The PV capacity, the setting & 

robustness of controller influence 
the contribution 

V PCC 
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B: Feeder fault  
   (AG- solid) 

V PCC < 50 %  => PV disconnects 

V PCC 

Fault Contribution of PV 
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Impacts of PV on LV Zone 
Passive network- low impedance fault 
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90% PV penetration- low impedance fault 

Impacts of PV on LV Zone 

Summary on LV Zone: 
Fuse operation time is prolonged 



Impacts of PV on MV Zone 
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The Test Network for MV Protection Study 



Impacts of PV on MV Zone 
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Scenario W/O DRG  Small scale DRG (2 MVA)  Large scale DRG (4 MVA) 

Location I Net  I DRG I fault I Net I DRG I fault I Net I DRG I fault 

1 4375.82 0 4272.16 4357.167 314.3289 4533.93 4343.86 605.9193 4773.05 

2 4375.82 0 4272.16 4298.887 201.6524 4379.68 4238.71 375.7525 4470.25 

3 4375.82 0 4272.16 4306.342 90.67103 4290.43 4262.32 155.5094 4303.21 
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Protection blinding 

Unseen fault current 
       by relay 

Impacts of DRG on MV Zone 

The relay could be blinded  
for high impedance faults 
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Impacts of PV on MV Zone 

Protection blinding 

Time-current characteristic of the relays 
                  (Without DRG) 
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Impacts of PV on MV Zone 

Protection blinding 

Time-current characteristic of the relays 
                  (With DRG) 

Current (A) 
T

im
e 

(S
) 
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Increase and decrease in fault current level of DRG 
upstream and downstream relays 

Impacts of DRG on MV Zone 

Miscoordination between protective devices 
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Sympathetic tripping (False tripping of feeders) 

Impacts of PV on MV Zone 
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Sympathetic tripping (False tripping of feeders) 

Impacts of PV on MV Zone 
T

im
e 

(S
) 

Inverter models needed to assess 
the PV DRG impacts 



International Approaches 
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Joint CIGRE&CIRED 
Working Group 
B5/C6.26, “Protection of 
Distribution Systems 
with Distributed Energy 
Resources”, Working 
Draft, August 2014 
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Draft, August 2014 



International Approaches 
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Joint CIGRE&CIRED 
Working Group 
B5/C6.26, “Protection of 
Distribution Systems 
with Distributed Energy 
Resources”, Working 
Draft, August 2014 



Utility Active LV Network Protection Assessment 
(CS2.3.4)  

• Analysis of representative feeders 

– PV/Inverter realistic modelling 

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

– Clustering 

• Has been carried out in the context of CS2.2.1 

• Is adjusted to be used for RA2.3 

 

 
62 



Utility Active LV Network Protection Assessment 
(CS2.3.4)  

• Analysis of representative feeders 

– PV/Inverter realistic modelling 

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

– Clustering 

• Has been carried out in the context of CS2.2.1 

• Is adjusted to be used for RA2.3 

 

 
63 



Utility Active LV Network Protection Assessment 
(CS2.3.4)  

• Analysis of representative feeders 

– PV/Inverter realistic modelling 

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

– Clustering 

• Has been carried out in the context of CS2.2.1 

• Is adjusted to be used for RA2.3 

 

 
64 



• LV network modelling 

– Data preparation 

– Data processing 

– Open software 
simulation (Gridlab-D) 

– Feeder clustering 

65 



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  

 

 

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. 
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To calculate earth potential rise (EPR): 

– To reflect different fault levels 

 

 

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

 

 8 chosen variables: 

– Feeder maximum rating  

– Circuit rating (mean & std) 

– Circuit impedance (mean & std) 

– Overhead circuit length 

– Underground circuit length 

– ‘Neutral screen’ circuit length* 

Choice of Clustering Variables 
For Vector representative feeders 

*Neutral screen cable is emphasised by Vector on its importance as its 
neutral/earth screen provides protection against the hazards of electric 
shock and has 60% to 80% coverage to protect the phase conductor. 

Ref: A. K. Parsotam  “Fundamentals of 
calculation of earth potential rise in the 
underground power distribution cable 
network”, in Power & Telecommunications 
Systems Coordination Conf. , Melbourne,  
March 1997. 
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k=3 

Vector Representative Feeders 

K-means: silhouette plot 
Values >0.5 representative 
Value <0.2 not so good 

Cluster ID Length Cable / Line Max Rating 

1 Centre  55759842 
 

Short Cable Low 

1 Median 2197044 Short Cable Low 

1 Extreme 47051941 Short Cable Low 

2 Centre  3401607 
 

Short Cable +Line Median 

2 Median 46721145 Median Cable +Line Median 

2 Extreme 6373894 Long Cable +Line Median 

3 Centre  45970805 
 

Median Cable +Line High 

3 Median 47372234 Short Line High 

3 Extreme 540826 Very Long Cable +Line High 

21431 
feeders 

1399 
531 
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Solution to MV Protection Issues  

• Adaptive Protection 

o On-line network modelling 

o PV/Inverter modelling 

o Fault Current Estimation 

o Relays setting and coordination 

o Assess ICT aided options 
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Part 3 

70 

RA2.2: Impacts of different scales of DRG deployment  
on the LV network 

o CS2.2.1 (2012-2013): New modelling methodology  

o CS2.2.2 (2013-2014): Simulation platform 

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 

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

flows 

o CS2.3.5 (2012-2015): Vector’s PV trials 



Vector’s PV Trials 

• 2013:  
o Involved in Vector PV/Battery trial (SunGenie) by carrying out detailed 

literature review resulting in a report.  
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3. Inverter settings: Based on the grid codes   
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Basic  
•OV/UV also Sags and Swells 
•OF/UF 
•Efficiency rating 
•Harmonics and THD 
•LVRT 
•Disconnection and Reconnection 

 
 

IEEE Standards based  

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

Nominal 230 1.00 

Overvoltage > 253 >1.10 

Undervoltage < 202 < 0.88 

TESTING 

New Zealand frequency levels Frequency 
(Hz) 

Nominal 50 

Over-frequency > 51.5 

Under-frequency < 47.5 



Advanced 
• Volt / Reactive Power (VAr) 
• Power (W) / Frequency (Hz) 
• Cos(phi) – fixed and variable 

TESTING 

Manufacturer’s 

documentation STANDARDS BASED TESTING OF PHOTOVOLTAIC INVERTERS 



Inverter disconnects 
when the maximum 
voltage setting is 
exceeded.  
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Current ceases to be 
passed by the inverter 
confirming 
disconnection 

OVER VOLTAGE TEST 



Current ceases to be 
passed by the inverter 
confirming disconnection 

F
re

q
. 

C
u

rr
e

n
t 

Frequency is 
decreased until 
inverter disconnects 

UNDER FREQUENCY TEST 



A LVRT voltage 
profile going down 
to 0.5 (p.u.) 

The resultant 

current profile 

LOW VOLTAGE RIDE THROUGH (LVRT) 

115V 

230V 



ADVANCED TESTS 

•    
Advanced 
• Volt / Reactive Power (VAr) 
• Power  (W)/ Frequency (Hz) 
• Power Factor or Cos(phi) 

Software interface for accessing advanced features 

STANDARDS BASED TESTING OF PHOTOVOLTAIC INVERTERS 



VOLT-VAR 
V

o
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g
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Constant P, changing Q 



FREQUENCY-POWER 
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STANDARDS BASED TESTING OF PHOTOVOLTAIC INVERTERS 



COS(PHI) -PQ 

  

Real Power (W) 

Reactive Power (VAr) 

Power (kW) 

Reactive 

Power (kVAr) 

Power Factor 



Substation 

Lab test bench 

VALIDATION OF TEST BENCH 

Reactive 

Power 

(VAr) 

Current (A) 

Reactive 

Power 

(VAr) 

Current (A) 

THD % 

THD % 





Part 4 
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RA2.2: Impacts of different scales of DRG deployment  
on the LV network 

o CS2.2.1 (2012-2013): New modelling methodology  

o CS2.2.2 (2013-2014): Simulation platform 

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 

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

directional flows 

o CS2.3.5 (2012-2015): Vector’s PV trials 



 
NZ ICT Practices 

 

Ref: AMS 
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Smart Metering in NZ 

• Most of the distribution companies in NZ are actively involved in 
replacing the old meters with smart meters 

• Over 60% (1.2 Million) of electricity meters in NZ would be smart 
meters after April 2015 

Status of Smart meter implementation No. of 

Companies 

% of Consumer connections 

under this status 

Initiated / will be initiated shortly  10 15.80% 

Installing 9 40.57% 

Installed in most part of the network   4 38.67% 

Planning and deployment in coming years 6 4.95% 



Communication 

• More than 80% of the distribution companies in NZ use VHF and 
UHF radio links 

• Microwave radio links have been used by 6 distribution companies 
(around 21% of total companies) 

• 9 distribution companies are using copper cables (around 31% of 
total companies) 

• 21 distribution companies are using optical fibre infrastructure 
(around 72% of total companies) 

• A few distribution companies are also using Cellular data modems 



Ripple Control 

 

• Ripple control has been used in NZ since many decades  

• Different frequencies used by distribution companies are 175 Hz, 
216⅔ Hz, 217 Hz, 233 Hz, 283 Hz, 297 Hz, 315 Hz, 317 Hz, 475 Hz, 
492 Hz, 500 Hz, 725 Hz, 750 Hz, 1050 Hz and 1250 Hz 

 



Questions 

• To differentiate the practices followed by the line companies, it is necessary 
to cluster them on some basis. 

o Q1: What is the technology used for Advanced Metering Infrastructure? 

• the establishment of communication medium is also important to enable 
the information exchange between the utility and the consumer. 

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

• The Advanced Metering Infrastructure coupled with dynamic pricing may 
help in shifting the timing of certain activities of the consumers . 

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

o    
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Questions 

• The Advanced Metering Infrastructure coupled with dynamic pricing may 
help in shifting the timing of certain activities of the consumers . 

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?  

• The distribution companies are using different communication 
technologies for reliable operation of the system. 

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

o    
98 



Questions 

• Gathering the information from distribution transformer sites would help in 
understanding and improving the quality of the power being supplied. 

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

• Ripple control has been used in New Zealand for many decades and still it is 
effectively being used.  

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

o 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 

• The Electricity Authority guidelines for the use of smart meters are not 
mandatory 

• From 1 April 2015, for those customers who refuse a smart meter, 
electricity distributors will be able to recover the costs of a separate meter 
reading ( like Victorian Government (Australia)) 

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?  
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Conclusions 

• Some exemplars of the 2014 NZ protection survey report highlighted 

• Issues for active distribution network protection in 3 zones presented 

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

• VECTOR’s PV trials during 2013-14 addressed 

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

• NZ ICT technologies for 29 utilities summarized & submissions sought 

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

• Experience/progress so far will help develop effective and consistent 
methods for NZ distribution networks protection in CS 2.3.4 phase  
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