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Executive Summary 
 

This report assesses the impact of interconnecting Inverter based energy systems (IES) greater than 10 kVA on 
the existing protection schemes in the distribution network. This investigation and assessment will help 
formulate the recommended protection and automation guidelines for the connection of IES greater than 10 
kVA for New Zealand electricity distribution network utilities. The impact and guidelines for the connection of 
IES rated up to 10 kVA (home zone and 400 V distribution network) is detailed in the part 2 of the accompanying 
CS 2.3.4 report. A comprehensive analysis of existing protection practice followed by all the 29 distribution 
utilities in New Zealand for the connection of distributed generation above 10 kVA was carried out, firstly, in 
order to identify the changes required for protection schemes specific to Inverter based energy systems. It was 
observed that the voltage levels at which the IES is interconnected was not explicitly mentioned in any of the 
technical documents of the 29 distribution utilities. Based on the IES integration requirements, additional 
protection (Back up protection and power limiting settings/device) and communication functionalities are 
recommended for IES greater than 10 kVA interconnected to the low voltage (400 V) distribution network.  

Large scale IES connected directly to medium voltage networks (11/22 kV) has additional protection and 
automation issues. International protection studies undertaken for such situations were reviewed, along with 
other industry literature on the practices followed by distribution utilities overseas. This review thoroughly 
analyses the fault studies carried out to identify potential issues that may arise due to interconnection of IES to 
New Zealand’s medium voltage distribution network. Fault studies for a typical Vector’s 11 kV distribution 
network has been shown illustrating how to assess the impact of IES penetration. DG interconnection to the MV 
network has been shown to have impact on the existing protection setting necessitating additional protection 
and automation schemes requirements according to several international literature and consultancy reports. 
Most of them cite impact on reduction of available fault headroom due to DG in MV and the need for analysis 
being carried out by distribution utility before they approve any installation. This is likely to be the requirement 
before any approval for MV connected IES system is approved by the network utilities in New Zealand. It is 
expected that the fault level increase contribution by IES will be less compared to that of a rotating synchronous 
DG system. Large scale IESs may have cluster configuration of PV/inverters which would require a common 
protection and automation coordination device that interfaces with IES systems downstream of the network 
and also the existing distribution utility protection & automation schemes upstream via SCADA.  

A conceptual GREEN Grid interconnection box is proposed with the required protection and automation 
capabilities for use as an interface with the existing distribution grid. The operational issues identified that 
affect the protection schemes in MV networks like recloser coordination with existing protection settings of IES, 
sympathetic tripping and blinding phenomenon, protection setting for the dedicated interconnection 
transformer, are addressed in the proposed protection & automation schemes for the GREEN Grid 
interconnection box. The potential impact of IES on the distribution network with existing fault current limiters 
such as ground fault neutralisers (GFN) has been investigated through earth fault simulation studies. The 
simulation concludes that there is no significant impact of IES on the fault limiting devices like GFN for the 
particular MV network analysed. As part of the report, quicker fault location and service restoration using the 
GREEN Grid interconnection box and distribution automation (DA) systems is investigated. Conceptual Fibre-to-
the-premise (FTTP) architecture is discussed for use in future protection and automation communication 
schemes for the potential scenario of having to operate the medium voltage distribution network with higher 
penetration of greater than 10 kVA IES systems. 
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Chapter 1  INTRODUCTION 
 

Report Scope: Critical Step (CS) 2.3.4 undertakes research to realize Protection methods for NZ 
distribution networks following bi-directional power flows.  This falls under GREEN Grid Research 
Aim (RA) 2.3: Smart methods and guidelines for protection and automation in the low voltage 
network experiencing bidirectional flows. The key objectives for delivery of CS 2.3.4 have been 
classified into 2 categories – the first is the safety and protection of the distribution network with 
connections of IESs rated up to 10 kVA to the home zone, i.e. the LV part of the network. The 
second category being the connection of IES rated above 10 kVA to the 400 V LV distribution 
network and 11/22 kV MV network.  

The scope of this report is to assess integration impacts of PV/IES rated greater than 10 kVA on the 
protection schemes of distribution network and propose suitable protection and automation 
guidelines. Fault current limiting devices and Ground Fault Neutralizer to improve service restoration 
on passive distribution networks has been reviewed and the potential impact of distributed 
generation on their selection and operation identified. The scope of this project also involves 
identifying new devices and schemes for faster improved fault location and service restoration, and 
investigates the use of fiber communication architectures that can be implemented by distribution 
utilities in the future based on recently available industry products. 

 

Key inputs from previous critical steps:  This report is part of the comprehensive research study for 
protection and automation of distribution networks in New Zealand with IES. Key learnings from 
previous completed critical steps (CS) undertaken by the University of Auckland, as part of Green 
Grid, is the basis on which the research identified as part of CS 2.3.4 was carried out. The following 
summarizes the previous tasks completed as part of GREEN Grid that feeds into this critical step: 

• CS 2.3.1: Comprehensively reviewed the communication techniques that are currently 
employed by distribution utilities worldwide for control, monitoring, and protection and 
their various application areas. Following up on that, the 29 New Zealand distribution 
utilities were assessed for their available/planned ICT infrastructure and a report prepared.  

• CS 2.3.2:  Technical characteristics of existing protection schemes and standards followed by 
all 29 Distribution utilities of New Zealand was understood through an industry survey, the 
responses of which were compiled to assess the similarities and differences in practices. This 
has contributed to CS 2.3.4 by providing the necessary information to identify potential 
common MV/LV protection schemes with DG that will suit NZ distribution utilities. 

• CS 2.3.3:  A detailed review of fault analysis methods with bi-directional flows was carried 
out in this critical step. Details of some of that work have been included in this report to 
provide context to the research carried out in this critical step 2.3.4. 
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Chapter 2 METHODOLOGY 
 

For enabling large scale IES/DG (>10 kVA) connected to the LV/MV network, it is necessary to 
propose all the required safety and protection guidelines that will need to be adopted by New 
Zealand distribution utilities.  

The current safety and protection guidelines for the connection of DG (>10 kVA) for the 29 
distribution companies in New Zealand has been reviewed comprehensively and the summary of 
important findings provided in Chapter 3. Thereafter, the report identifies the necessary 
modifications and inclusions required for accommodating IES/DG specific safety and protection 
features.  

The guidelines prepared in the accompanying LV protection report [Protection and Automation of 
Distribution Network with Inverter Based Energy Systems (IES) Rated up to 10 kVA], as part of CS 
2.3.4, are for systems less than and up to 10 kVA. This report, however, will present the LV 
protection guidelines for IES greater than 10 kVA, firstly which is connected to LV and will thereafter 
recommend consideration for connection to MV. All details of protection guidelines for LV 
connected IES greater than 10 kVA are covered in Chapter 4. 

Impacts on the protection of the MV networks with IES/DG connections are analyzed in Chapter 5, 
alongside modelling methods and results for network simulations representative of New Zealand 
medium voltage distribution networks. Based on reviewing publications some of the potential issues 
on MV protection due to large scale IES penetration on LV and its associated upstream flows have 
been identified. This will then lead to forming the basis of identifying potential solutions discussed 
later in Chapter 7. 

Chapter 6 identifies potential conceptual designs using new technologies to enhance grid reliability 
by incorporating fiber to the premise. This also provides a technology pathway based on commercial 
devices for fast fault location, isolation and service restoration for medium voltage network with IES.  

Chapter 7 presents the details of proposed GREEN Grid interconnection box for protection and 
automation of IES interconnected to the Medium voltage network. Since this design uses IEC 61850 
and could involve multi-functionality (protection & control) devices, the laboratory setup needed for 
future testing of this has been demonstrated through an IEC 61850 based transmission distance 
protection and tap-changer voltage control Intelligent Electronic Device (IED) setup in the 
laboratory. Fault simulation analysis was carried out on real MV network to verify the conformance 
of the GREEN GRID interconnection box. 

Finally, in Chapter 8, the results of the work undertaken for CS 2.3.4, for IES/DG systems greater 
than 10 kVA are summarized and the key outcomes highlighted. Topics investigated in this report 
and the experience of developing a conceptual GREEN Grid interconnection box and establishing a 
test setup using commercial IEDs, relay testing set and IEC 61850 will be very useful during 
forthcoming work packages of CS 2.3.6 and CS 2.3.7. This has also been briefly identified in this 
concluding chapter. 
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Chapter 3  Review of the existing protection schemes for connection of DG 
rated above 10 kVA in New Zealand  

 

I. OBJECTIVE 
Currently the 29 distribution companies in New Zealand have guideline documents for the 
connection of distributed generation rated above 10 kVA to cover protection requirements. These 
settings are primarily for rotating and synchronous based DG. This chapter comprehensively reviews 
the protection requirements for the interconnection of distributed generation systems used in 
current practice by the 29 NZ distribution companies. Some of the common standards used by them 
provide the basis on which our proposed protection guidelines with IES have been formulated in this 
report later. Based on the review, differences between the protection requirements amongst NZ 
distribution utilities have been noted. This chapter also identifies shortcomings in the currently used 
DG connection guideline; thereby to help arrive at protection scheme specific for IES. The key 
findings in this chapter will be used in the following chapter in the formulation of a generalized 
protection scheme for the interconnection of large scale IES (>10 kVA) to the New Zealand low 
voltage (400 V) distribution network. 

II. RESEARCH ANALYSIS 

3.1. Introduction 
A thorough and detailed assessment of the protection requirements for the interconnection of DG 
(>10 kVA) by all 29 distribution utilities in New Zealand has been conducted. The current technical 
documents used by all 29 distribution utility companies for the connection of distributed generation 
(rated above 10 kVA) have been extracted from their website and surveys. The protection and 
automation section of the connection documentation for each distribution company was analyzed 
and has been included in this report as Appendix 2. During Critical Steps CS 2.3.1 and CS 2.3.2, a 
survey was completed by participating utilities in order to understand the existing protection 
technologies, practices, ICT and technical details used for distribution protection. Based on the 
analysis/observations of those 2 critical steps and reviewing the existing NZ guidelines for rotating 
DG which is carried out in CS 2.3.4 as part of this report, one can critically assess the appropriateness 
of the existing practice for Inverter based energy system connection to the network and come up 
with recommendations if there are any gaps observed.  

3.2. Review of the Protection requirement for DG (>10 kVA) by the 29 distribution 
companies in New Zealand 

Based on the review of all of the utility guidelines used in New Zealand for the interconnection of DG 
(>10 kVA), the major observations identified have been summarized below: 

3.2.1.  Distinction between LV and MV connected DG and IES: 
Currently, there is no differentiation identified in the existing guideline documents, if the current DG 
connection guideline is for LV or MV. From a protection requirement viewpoint, this is important as 
it will dictate any coordination and back-up protection needs and settings. Therefore, this report has 
distinguished this difference while proposing the recommended guidelines. 
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3.2.2. Dedicated transformer 
Some of the distribution utilities require the connection of the DG rated above 10 kVA to the 
distribution network via a dedicated transformer whereas some distribution utilities require a 
dedicated transformer only for interconnection of higher rated DG (>750 kVA). Moreover, the 
requirement for transformer protection is not explicitly mentioned. 

3.2.3. Circuit breaker 
All generation is required to be connected to the grid through a circuit breaker at Point of Common 
Coupling (PCC). The various protection signals will finally be linked to this circuit breaker which will 
then isolate the distributed generation from the main distribution feeder when triggered. This is 
required to ensure that the distribution network is not back-livened by any of the generation.  
Back-livening proposes safety hazard issues for distribution utility staff who may be working on that 
part of the network. 

3.2.4. Disconnection switch 
A disconnect switch is a mandatory requirement which is mainly used by the utility to ensure the DG 
is offline while carrying out any work on the feeder to which DG is connected. Usually, this will 
interrupt any load that is being fed by DG within its premises. The disconnection switch should be 
rated such that it can interrupt the maximum output of the distributed generator. 

3.2.5. Over voltage and under voltage protection 
With increasing penetration of DG, the distribution network voltage magnitude can be affected and 
protection against voltage level violations (Over and under) becomes important from the point of 
both the distribution network and the DG. NZS 4777.2 (2005) protection settings are recommended 
to be followed. Please note that most of the current NZ utility guidelines are dated and most of them 
reference the 2005 version of NZS 4777.2.  While the GREEN Grid protection and automation 
guideline is proposed, this will need to reflect the latest NZS 4777.2: 2015 version.  

3.2.6. Over frequency and under frequency protection 
Another important aspect in power system operation is the need for maintain frequency. Basically, 
frequency is the result of load- generation imbalance. In order to maintain the system frequency 
within the strict limits required by the distribution companies, under frequency and over frequency 
protection is mandatory. NZS 4777.2 (2005) protection settings have been required to be followed in 
existing NZ distribution guidelines. 

3.2.7. Earth fault protection and neutral voltage displacement 
Earth fault protection and neutral voltage displacement (NVD) are one of the requirements outlined 
by all the distribution companies. Aurora Energy recommends that when an effective earth 
reference is provided, residual current operated earth fault protection shall be fitted. Where no 
effective earth reference is provided then neutral voltage displacement protection shall be 
provided. NVD protection shall only be the back-up method of clearing earth faults on the 
distribution network supplying the DG installation. According to Top Energy, NVD protection shall be 
provided if earth faults in the distribution network cannot be cleared by current-based earth fault 
protection. Hence, the common guideline that will be formulated advises using Earth fault 
protection and NVD protection as a back-up to it which will satisfy the requirement of all the 
distribution utilities. If any utility requires exception to this, they can appropriately signal that. 
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3.2.8. Over current voltage restrained protection 
Over current voltage restraint protection is one of the requirements which is outlined in the current 
DG guidelines of all the distribution utilities. Basically, these relays provide improved sensitivity 
of over current relaying by making the set over current operating value proportional to the applied 
input voltage. These relays use an under voltage element to supervise the operation of the over 
current element. As the voltage drop below a pre-determined level, the under- voltage element 
permits the operation of the time overcurrent unit. Voltage-restrained over current relays can 
provide faster back-up protection than voltage controlled overcurrent relays, particularly in cases 
where the generator voltage does not drop significantly below rated voltage during fault conditions. 
Distribution companies have not specified the recommended settings for this type of protection. 
This will be particularly relevant for MV connected DG/IES. 

3.2.9.  Loss of Mains 
One of the requirements of the DG connection is that in the event of loss of mains supply, the DG 
shall not back-liven the distribution network. This is a mandatory requirement. A common 
protection scheme suggested as per EEA guideline is to have Rate of Change of Frequency (ROCOF) 
relay and Vector shift. It is observed that most of the distribution companies have simply just 
mentioned that the Loss of mains protection shall be provided. The type of protection i.e. ROCOF or 
Vector shift is not defined. Further, recommended settings for ROCOF are not currently identified in 
either the distribution utility guidelines or current EEA guidelines. Therefore, currently, DRG owner 
can have either ROCOF or Vector shift relay scheme.  

3.2.10. Synchronization  
It is the requirement of all the distribution utilities that the DG shall provide and install automatic 
synchronizing at the generator circuit breakers. 

3.2.11. Trip supply supervision 
As per the requirement of all the distribution utilities, all protection scheme secondary circuits, 
where loss of supply would result in protection scheme performance being reduced, shall have Trip 
Supply Supervision 

3.2.12. Fault interrupting device 
A limited number of distribution companies are recommending this. It is also suggested to have 
protection in place for auto-recloser operation. This aspect will need to be particularly identified for 
MV connected DG/IES systems. 

3.2.13. SCADA 
This requirement is specified by PowerCo only. 

3.2.14. DC trip supply 
This requirement is addressed by Aurora. All protection functions shall operate with a DC voltage 
down to 80% of the nominal DC voltage. If there is a failure of any supplies to protective 
equipment, which inhibits its correct operation, the generation shall be automatically disconnected 
& shutdown or at sites where there is competent supervision, an audible or visual alarm is initiated. 
This appears to be particularly relevant for remote unsupervised sites.  This practice is necessary for 
transmission system protection. 
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3.3. Standards and Guidelines 
It has been observed that there is no common suite of standards or guidelines followed uniformly 
across all New Zealand’s distribution networks for the safety and protection of the grid with DG. 
Most of the 29 distribution companies have their own protection requirements, primarily for 
rotating synchronous generation set out in their respective interconnection of distributed 
generation guidelines (available from the appendices) and these have been effectively summarized 
in this Chapter. The following table provides some of the common standards and codes that are 
required to be complied within the existing DG guidelines of the 29 distribution utilities: 

Table 1 Safety and protection standards followed for DG 

AS/NZS 4777(part 1,2 & 3) Grid connection of energy systems via inverters 
AS/NZS 3000 Electrical installation(AS/NZ wiring rules) 
Electricity industry participation code 2010.    (part 6 –connection of distributed generation) 
Electricity safety regulation 2010 
 

III. KEY LEARNING OUTCOMES  
Based on all of the above some of the key requirements of the protection functions and expectations 
by the 29 distribution utilities that will be needed to be captured in the recommendation and 
guideline document, while we draft it for IES, have been identified. These are summarized as below: 

1. The mandatory requirement of the dedicated transformer for the interconnection of DG 
(>10 kVA) with the network varies amongst the NZ distribution utilities. Some distribution 
utilities, such as Vector, require a dedicated transformer for interconnection of DG above 10 
kVA where as some distribution utilities require a dedicated transformer for interconnection 
of DG above 100 kVA.  

2. The protection requirement for the dedicated transformer is not specified. 
3. Loss of mains protection is one of the main requirements for DRG. Generally, either ROCOF 

or Vector shift relays are used for this purpose. Most of the distribution utilities 
acknowledge the requirement of ROCOF relays. However, the setting range for ROCOF relays 
is not available. Improper setting of the DRG ROCOF relay may result in the cascaded 
tripping of DRGs due to some event in the transmission network. To overcome this issue, a 
suitable setting for ROCOF relays should be recommended based on the system frequency 
response study carried out by Transpower.  

4. The different protection requirements for net export and limited/non-export mode of the 
DG is not explicitly mentioned by the most the of the distribution utilities which is one of the 
main shortcomings. The control of power injected into LV/MV network by the DG has to be 
monitored and controlled in order to have a secure network operation. 

5. The point of interconnection of the DG with the network (11 kV or LV network) is not 
explicitly mentioned nor is any detailed schematics provided. 

6. The classification for different protection requirements based on the DG rating (kVA) varies 
among the distribution utilities. The suggested schemes in our proposed guidelines, 
factoring IES based DG system, will therefore be mostly generic in nature identifying 
mandatory and optional criteria. 

7. The maximum limit (kVA) for interconnection of DG to distribution network is not mentioned 
by any of the distribution utilities based on their maximum transformer penetration 
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level/hosting capacity. This will therefore have to tie in with the GREEN Grid hosting capacity 
limit criterion that will be identified for the 11 kV/400 V transformers. 

For addressing the emerging requirements for inverter connected distributed renewable generation, 
apart from the standards mentioned above, the following standards are also recommended for 
inclusion into the interconnection guidelines for IES1 addressing safety and protection requirements. 

 
Table 2 Other Recommended standards for the grid connection of IES 

AS/NZS 5033 Installation and safety requirement of PV arrays 
IEC 60255 Electrical relay standards 
AS/NZS 1768:2007 Australia/New Zealand lightning protection 
IEC 62109 Safety of power converters for use in photovoltaic power systems 
NZECP 35 New Zealand Electrical Code of Practice for Power Systems Earthing 

 

 

                                                           

1  All relevant standards have been explicitly identified by some, but not all, of the NZ distribution 
utility guideline document.  
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Chapter 4  Recommended protection schemes for IES rated above 10 kVA 
connected to LV distribution network 

 

I. OBJECTIVE 
Distribution grids connected with distributed generation (DG) and Inverter Based Energy Systems 
(IES) require a coherent set of electrical protection guidelines to ensure safe and secure operation of 
both the grid and the DG/IES itself. Until recently, DG units connected to distribution networks have 
generally been installations of lower rating with a very low penetration of a few units. For these 
distribution voltage levels (LV and MV), each distribution utility in New Zealand have developed their 
own protection functional requirements for the grid-interconnection of DG as reviewed and 
summarized in Chapter 3. With increased penetration of DG having larger individual rating, and the 
increase in IESs due to changes in emerging technologies, a common recommended safety and 
protection guideline along with a recommended range of settings will be needed. The following 
section proposes the recommendation for the safety and protection scheme (main protection as 
well as back up protection) to be followed for DG (>10 kVA) connected to the LV network.  

II. RESEARCH ANALYSIS 
Based on the observation and key outcomes from previous research section (Chapter 3) and 
reviewing international practices, particularly Australian utilities, the following protection schemes 
and settings are recommended for IES rated above 10 kVA connected to 400 V distribution network: 

4.1. Earthing 
For Earth fault / Earth leakage detection, section 5.3 of NZS 4777.2 (2015) must be complied with. 

4.2. Lightning Protection 
PV installations on buildings may increase the probability of direct lightning strikes. This does not 
necessarily imply that a lightning protection system (LPS) is required if it did not exist previously, 
however, if the physical characteristics of the building changes significantly due to the PV 
installation, it’s recommended an assessment be carried out to recommend whether an LPS is 
required. This LPS, if required, would be installed in accordance with AS/NZS 1768. If a LPS is already 
installed on the building, the PV system can be connected with the LPS as appropriate as stated in 
AS/NZS 1768. 

For a residential buildings located in areas where the lightning flash density per year is significantly 
high, protection against voltage surges due to lightning is recommended. 

AS/NZS 1768 should be complied with for lightning protection and NZS 5033 (2014) should be 
complied with for all the safety and installation of IES.  

Figure 1 and Figure 2 depict a typical arrangement of external Lightning protection system.  This is 
for a large PV installation in commercial/industrial establishment as per the supplement 5 of the DIN 
EN 62305-3 standard (European standard). 
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Figure 1 External Lightning protection system for a large PV installation in commercial/industrial establishment (Dehn 
International) 

For large PV installations, for example on a farm or apartment block, Figure 2 (Charralmbous CA, 
April 2014) depicts the typical protection requirement for lightning:  

 

 

 

Figure 2 Isolated LPS in solar farm.1- isolating support, 2-concrete base, 3-Air termination rod. S is the minimum 
separation distance. (Charralmbous CA, April 2014) 
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4.3. Protection of the IES 
According to the Australian utility, Energex standards (Energex, 2015) for parallel embedded 
generation, customers wishing to connect to the Energex Distribution Network have to implement 
various safeguarding measures. Some of these measures shall be applicable to the New Zealand also 
and are considered to be taken into account in the recommended guidelines for New Zealand. These 
measures include safeguarding against the following: 

• Transient voltage sags related to supply network faults 
• Transient voltage sags related to supply network faults followed by isolation of the 

faults and unsynchronised auto re-closing onto the IES 
• Instability and de-synchronisation of the supply network 
• High or low frequency 
• High or low voltage 
• Reduction in load due to Supply Network switch operation 
• Lightning and switching surges 
• Step changes in voltage due to upstream switching 
• Unbalance in phases or single phasing  

4.4. Protection of the Distribution Network 
Inverter systems connected to the supply network shall be compliant to AS/NZS 4777.2 –2015. For 
any fault due to DG/IES, additional protection systems are required for the protection of the 
distribution network. These protection systems must enforce that: 

• The IES should be allowed connection to the supply network only when the phases 
of the network are energised with correct rotation and there is no unbalance at the 
network connection point. 

• The IES should be allowed connection to the network only if the IES supply is 
synchronised to the network. 

• The IES has to disconnect from the supply network if one or more phases of the 
supply network are lost at the network connection point. 

• The IES has to disconnect from the supply network if a network abnormality causes 
inadmissible voltage or frequency deviations. 

• The IES has to disconnect from the supply network if unstable IES output causes 
inadmissible voltage or frequency deviations. 

• The IES has to disconnect from the supply network if the supply of electricity is 
disturbed to the protection or control system equipment. 

• The IES has to disconnect from the supply network if the inter-trip or the SCADA 
communication link are inoperative. 

• The IES limits its power export to the specified power export limit. 

To detect these conditions, as set out above, the owner of the DG/IES owner must ensure that 
the following measures for protection are available/installed: 
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4.4.1. Loss of Mains/Anti islanding 
The DG/IES must be disconnected when the grid that it is connected to is de-energised. Default 
protection settings in the inverter for both Active anti-islanding and passive anti-islanding schemes 
should be set as per NZS 4777.2(2015).  

4.4.2. Synchronizing Facilities 
The DG/IES control system must include synchronising facilities at the circuit breaker that interfaces 
with the grid. The generator cannot be connected to the grid unless all three phases are energised 
and have the characteristics of normal grid operation. At the switching point, to make the parallel 
connection between the generator and grid, synchronization must be checked. 

4.4.3. Under/Over Frequency 
Under and over frequency protection must be installed at the PCC. The frequency protection shall be 
set as per the values given in the NZS 4777.2 (2015).  

4.4.4. Under/Over Voltage 
Under and over voltage protection must be installed to monitor all three phases at the PCC. This 
protection should be set to detect if the phase to neutral voltage on any phase at this point exceeds 
the pre-determined values as set out in the NZS 4777.2 (2015). 

4.4.5. Communication functionality 
IES greater than 10 kVA connected to the distribution network is preferred to have the capability to 
communicate with the existing automation system of the network. Some examples of these are 
discussed later in Chapter 7 along with GREEN GRID interconnection box that is suitable for larger IES 
systems. The conceptual model for communication and automation is explained in the chapter 6. 
Distribution utility can specify the communication protocol based on their existing configuration 
appropriate to that network. It is possible that for networks with lower penetration this might not be 
initially necessary but if higher penetration does eventuate the utility might require this from IES 
connected to their network.  

4.4.6. Power limiting device 
In addition to the protection requirements specified above, all IES system must include a power 
limiting device to prevent the unauthorized export of electricity into the grid. For some of the NZS 
4777.2 (2015) approved inverters, this function is in-built and the appropriate setting as 
recommended in Appendix A. For other DG/IES systems, without this built-in function, an external 
power limiting device should be installed as outlined below: 
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Table 3 PLD requirements 

 
PLD Requirements 

1 The PLD should include one of the following: 
a) A separate protection relay (may omit for limited export) 
b) A four quadrant power meter with programmable logic 

controller (PLC) 
An approved inverter with the ability to adjust net power export to 
zero. 

2 The PLD shall not create flicker problems on the low voltage network 
by continuously switching inverters on and off. 

3 The export-limit settings are set to EDB’s requirements. Export limit 
will vary with network hosting capacity. 

4 The export/ import must be metered. If the installation has no smart 
metering capability, then an import or export meter is to be installed in 
order to monitor feed-in energy. 

5 If current transformers or sensors are used, they shall have their 
terminals sealed. 

6 The terminals of the power restricting system must be set up so that it 
cannot be tampered with. 

7 The PLD operation must not interfere with the inverter’s passive or 
active anti-islanding performance. 

 

Measurement of energy shall be in accordance with IEC 62052.11 or equivalent. Should the Inverter 
fail to receive a reading from the metering device, it will limit the total export from the output of the 
Inverter to the programmed value for maximum, if any, export to grid.  

This feature is not to interfere with the inverters anti-islanding protection operation. 

Table 4 Power limiting settings (be determined by the Utility based on the specific network requirements) 

 Non-Export or Limited Export 
Reverse Power limit2 % limit set by the Utility 
Definite time delay3 Time delay set by the Utility 

 
 

                                                           

2 This value is stated as 2% for non-export in the Energex/ Ergon connection standards for small scale 
parallel inverters. 

3 This value is stated as 10 seconds for non-export in the Energex/ Ergon connection standards for 
small scale parallel inverters 
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4.5. Back up protection device 
In addition to the protection functions in the inverter as per AS/NZS 4777.2, separate back up 
protection device is recommended for DG/IES of greater than 30 kVA ratings. The minimum rating of 
IES which mandates additional protection device is based on distribution utilities standards. As 
mentioned earlier in the key findings, some distribution companies in New Zealand require 
dedicated transformer for DG/IES rated above 10 kVA.  

The Following factors have to be considered for the back-up protection: 

1. The back-up protection setting should coordinate with the downstream inverter setting, the 
upstream feeder protection/ transformer protection as well as auto-recloser setting (if present). The 
upstream protection settings are dependent upon the requirements of each distribution utility.  

2. Export /Non Export (zero net export) to the grid: The protection settings will vary for IES and Non 
IES systems. As mentioned in some of the distribution utility requirements, the IES with option to 
Export do require NVD as back-up protection for earth faults in addition to the inter-trip which shall 
act as primary protection. Alternative to the NVD, Effective earth reference can be provided and 
residual current operated earth fault protection shall be fitted. For Non-export IES, it is mandatory to 
have reverse power flow protection. 

3. Transformer penetration level:  The settings for the power limiting device depend upon the 
maximum transformer penetration level and hosting capacity 

Table 5 recommended settings for back-up protection device 

Protection function Operation parameter setting Definite 
time delay 

Over voltage relay 260 V 3-5 sec 
Under voltage 180 V 3-5 sec 

Over frequency 52 Hz 3-5 sec 
Under -frequency 45 Hz 3-5 sec 

ROCOF NA NA 
Voltage Vector Shift NA NA 

SCADA If required by the DNSP NA 
Synchronisation Mandatory NA 

Generator circuit breaker Mandatory NA 
 

III. KEY LEARNING / OUTCOME 
Based on the key findings in the previous chapter, the connection guidelines used by the distribution 
utility for the IES needs to explicitly distinguish the voltage levels at which they are interconnected. 
Interconnection of IES to LV network can follow the proposed protection guideline given in this 
chapter. The rating of the IES connected to the LV is dictated by the network’s hosting capacity. 
Hence, for LV networks, the rating of IES connected to the feeders will be lower than those 
connected to MV. For such systems, only the existing protection settings and any suggested 
additional protection settings (Backup protection and PLD) are sufficient for all protection purposes. 
For IES connected to MV network, apart from protection settings, automation functionalities are 
required which are discussed in the subsequent chapters of this report.  
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Existing protection settings for IES (rated above 10 kVA) connected to the LV network: 
All the inverters interconnected with the New Zealand’s LV distribution network shall be compliant 
with the latest version of AS/NZS 4777.2 (2015). The settings specific for IES is mentioned in the 
safety and protection section of the guideline for the connection of small scale inverter based 
distribution generation.  The inverters must be set accordingly to protect the IES as well as the grid 
in the event of fault conditions. The existing protection settings in the LV distribution network, like 
fuses, need not be changed as the fault level MVA increases arising from IES are not significant as 
per the modelling assessments carried out for representative NZ feeders in the 2.3.4 accompanying 
Report  2 on LV. 

Additional protection scheme: 
Apart from the mandatory protection settings described above, back-up protection scheme (if 
required by the utility) has to be implemented for the IES (>30 kVA), as shown in Figure 3,  in order 
to protect the distribution network and the recommended settings are given in this report. Power 
limiting device shall also be enabled as per the utility needs for restricting export limit or if the IES 
has chosen a zero grid injection based contract arrangement.   
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Figure 3 Scheme for DG/IES (>10 kVA) connected to LV network 
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Chapter 5  Impact of interconnecting distributed IES on the protection 
schemes of the MV network. 

 

I. OBJECTIVE 
The previous section presented recommended guidelines for interconnection of DG/IES rated above 
10 kVA to the LV (3 phase 400 V) network. Protection regarding the interconnection DG/IES with the 
MV network requires additional protection schemes than those identified for LV connected 
generation. Various factors have to be considered while formulating the guideline and to accordingly 
design the protection scheme for MV networks with DG/IES. The protection requirements for DG/IES 
in MV network should not negatively impact the existing traditional protection scheme for MV 
networks. This chapter identifies the factors that have to be considered for the preparation of the 
guideline for the protection of MV network with IES. The scope of this chapter is to analyze various 
challenges and issues related to the impact of interconnection of IES to 11/22 kV4  medium voltage 
network on the protection schemes.  

II. RESEARCH ANALYSIS 
Until recently, MV distribution networks have been mostly “passive” (unlike the transmission 
network) having a radial/ring reticulation structure, unidirectional power flows and a simple but 
effective protection scheme. In the presence of large amounts of DG/IES, distribution networks will 
gradually transition towards “active” networks, with operation and automation similar to that of the 
transmission network. Thus, the current protection scheme will appropriately need to be modified.  
The representation of the different zones of protection (Home, LV and MV) needs to be well 
coordinated as illustrated in Figure 4. 

 

Figure 4 Protection zones with IES 

                                                           

4 Some MV distribution network operating voltage is 22 kV (e.g. Counties Power) 
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The MV zone consists of existing traditional protection devices (Auto-reclosers, transformer 
protection etc.) and the addition of DG to the MV zone could potentially hinder the proper operation 
of these protection devices. The impact of the DG on MV network as explained in the Chapter 3 has 
to be considered. And the protection schemes described in the sections to follow will require 
coordination with the DG protection devices. 

5.1. Impact on existing protection schemes in MV network 
5.1.1. Impact of IES on fuse/auto-recloser operation 

A recloser is a type of switchgear consisting of a circuit breaker and a control unit. With its control 
unit, a recloser is able to trip during various faults and effectively restore power supply after 
transient or self-clearing faults have occurred. With the application of auto-reclosing, electricity 
users benefit from the resulting improvement in power systems reliability, and unnecessary power 
outages can be avoided during transient faults. Most of the faults that occur on a MV overhead 
network are temporary, and therefore auto reclosing is also provided to restore supply for 
temporary faults. All network protections and associated auto reclosing are coordinated in a way 
that minimum network loads are lost due to a fault. One of the arrangements for auto-reclosing is 
Definite Time first trip followed by IDMT trip. If there is a fault on network, fast DT protection shall 
trip and auto-reclosing will be tried. If the fault is temporary, the supply is restored. If the fault 
persists, the DT protection will be disabled and IDMT protection shall trip. One benefit of this 
arrangement is that a fast fault clearance can be achieved by DT protection before any operation of 
spur fuse. Reclosing the circuit breaker shall restore all supplies for temporary faults. If the fault 
persists, the fuse shall blow before the IDMT operation. As most faults are temporary on an 
overhead feeder, this arrangement prevents fuse operations on spurs and reduces sustained 
interruptions to customers and save on Customer Minutes Losses. The sequence of operation shall 
be defined by the distribution company. Following is one of the specifications given by the Ergon for 
recloser sequence that’s used in its network: 

The operating sequence of the reclosers shall be selectable as follows: 

• 1 fast trip followed by up to 3 time-delayed trips to lockout 

• 2 fast trips followed by up to 2 time-delayed trips to lockout 

• 3 fast trips followed by 1 time-delayed trip to lockout 

• 1 fast trip followed by up to 4 time-delayed trips to lockout 

The 'dead time 'of the recloser between successive trip and closing operations shall not be less than 
two seconds and preferably be adjustable up to 10 seconds. The 'reset ' time of the recloser shall 
preferably be selectable up to three minutes. 
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Figure 5 Typical operating curve of a recloser: Curve A represents fast operation. Curve B and curve C represents delayed 
operation [Cooper industries] 

A case study was conducted by the University of Auckland using PowerCo’s Thames substation 
feeder details to assess the time grading margin of the adjacent auto-recloser in the light of the 
progression of power grids to smart grids. This was presented as EEA paper in 2014 (Lin, Mali, Chie, 
& Nair, 2014). Though this project was not part of GREEN Grid, its findings have relevance to the 
analysis of this Chapter since it is based on real NZ MV feeders and their recloser design. The project 
primarily achieved the two objectives put forward by PowerCo  

1. To investigate if it’s possible to shorter the grading margin between adjacent reclosers and; 
2. To have comprehensive method to determine grading margin and maximum fault clearance 

time.   

Theoretical work based on the data given by the Powerco was carried out in the lab along with the 
simulation using PSS Sincal and Excel VBA was used to verify the theory.  Figure 6, depicts simulation 
of the actual PowerCo’s network data. The test results showed that the fault clearance time can be 
greater than one second and that the time grading of the adjacent auto reclosers can be less than 
0.4 seconds. This defies the traditional value of 0.4 seconds as grading. This finding implies that 3 
reclosers can be deployed in the feeder. Based on the project findings, a computation tool was 
created to be used to facilitate the calculation of grading margins in future. The time grading of the 
reclosers in the MV network with DG/IES can be investigated through the outcome of this project. 
The time-current characteristics of the reclosers for the given network and fault is shown Figure 7.  It 
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is seen that in a traditional network with no DG/IES auto-recloser serves the purpose of selective 
protection. 

 

 

Figure 6 PowerCo network topology and data used in research project on auto-reclosers 

 

Figure 7 Time-current characteristics of the reclosers for a part of PowerCo network 

The impact of DG/IES on the grading of the auto-recloser in an MV network has to be carefully 
selected in order to avoid mis-coordination in the existing grading scheme employed. By adding 
communication functionality to the protection device used for interfacing inverters with distribution 
utility, the auto-recloser miscoordination can be avoided. The communication architectures are 
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presented in the next Chapter 6 and also the GREEN Grid interconnection box as discussed in 
Chapter 7 has the capability to interface clustered Inverters with the distribution utility.  

5.1.2. Interconnection Transformer Protection 
An interconnection transformer is required with the IES installed on the MV grid which necessitates 
protection assessment. There are several transformer connections setup used to interconnect 
DG/IES units to the grid. The types of connection are classified according to their primary and 
secondary grounding connection. Typically, the high voltage winding of the transformer is usually 
used to meet the grounding requirements of the utility. In terms of protection, the transformer 
connections are important since the zero sequence impedance depends very much on the winding 
type and ground connection. The type of grounding of the transformer and its effect on the MV 
protection scheme with DG/IES interconnected is discussed (M. Won Sik, 2012.) as shown Table 6. 

 

Table 6 Type of grounding transformer and its effect on MV protection (M. Won Sik, 2012.) 

Type Advantages Disadvantages 
Yg-Δ • Protection schemes are well 

understood 
• Better to prevent the islanding 

of DG/IES and to block the zero 
sequence current against 
ground fault 

• Effect on the protective 
coordination of distribution 
system 

• Lead to malfunction of OCGR 
• Transformer overheating and 

derating 
Yg-Yg • Easy to avoid the resonance and 

overvoltage issues 
• It provides a source of 

unwanted ground current for 
utility feeder 

• This connection is the worst in 
protection aspects 

Δ-Yg • No path for zero-sequence 
current 

• No impact on the utility 
protection system 

• There is some possibility of 
over voltage 

• After the CB is tripped for a 
fault, there is some possibility 

  

Figures 8 and 9, explain the effect of grounding of the transformer on the fault. From the studies 
conducted the following is inferred: The △-Yg (Delta - Grounded Wye) connection is the most 
common connection in many international distribution networks. It would probably be favored for 
serving loads in all cases. One of the major advantages of this connection is that it provides zero-
sequence current isolation between the primary and secondary circuits. Therefore, in contrast with 
the Yg-Yg connection, phase-to-ground faults or current unbalance in the secondary circuit will not 
affect ground protective relaying applied to the primary circuit. This feature enables proper 
coordination of protective devices and is a very important design consideration. Figure 10 depicts 
typical protection scheme for detecting ground fault currents in the interconnecting transformer. 
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Figure 8 Effect of single line to ground fault in adjacent feeder Yg-delta connection (M. Won Sik, 2012.) 

 

Figure 9 Effect of single line to ground fault in adjacent feeder delta-Yg connection (M. Won Sik, 2012.) 
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Figure 10 Typical schematic for ground fault protection for interconnection transformer (M. Won Sik, 2012.) 

5.1.3. Fault current contribution from the DG/IES 
Fault conditions can cause severe damage to circuit components, including lines, transformers and 
switching devices. They produce very high peak currents, which can immediately damage equipment 
by either;  

• Producing a sustained current many times above the rated level of many devices and 
equipment, which has a detrimental thermal effect 

• Producing high breaking currents for switching devices.  

DG/IES in the network could increase the detrimental effect of fault currents in circuits by both 
increasing the system fault level and by negatively impacting the protection systems ability to detect 
and clear faults in as short a time as possible. It is for this reason that it is vital to analyse and 
understand the impact of DG/IES on the protection system.  

For a MV network with DG/IES, the fault current contribution can be from 2 sources, unlike 
traditional passive network which is fed from only the upstream grid. These 2 fault current 
contributing sources are: 

• Upstream grid including network transformer 

• Distributed generators connected to the grid including the unit transformer, reactor and the 
line. This is illustrated in Figure 11. 
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Figure 11 Fault level contributions (a) from upstream grid (b) from DG 

Fault levels have to be calculated in order to set the protection settings for MV networks with 
DG/IES interconnection. For the short circuit calculation from the upstream grid, IEC 60909 should 
be referred. For the fault calculation of the DG/IES, both IES as well as rotating DG following 
formulae can be used:  

For full scale power electronic connected generators (like PV), the initial symmetrical short circuit 
current can be calculated using the following formula (N. Cormac B, 2014): 

I’’K =kIRG , 0 <=t<=Δt 

Where IRG is the rated generator current and I’’K is Initial symmetrical short-circuit current which is 
RMS value of the AC symmetrical component of the short circuit current at the time the fault occurs. 

5.1.4. Blinding of existing protection setting  
When a fault occurs in a feeder having DG as illustrated in the Figure 12, both the grid and DG 
contribute to the short-circuit current. The division of the current contribution depends on the 
network configuration, grid impedance and the size and technology of the DG The grid contribution 
to the total fault current will be reduced because of the contribution of distributed generation. Due 
to this reduction it is possible that the short-circuit stays undetected because the grid contribution 
to the short-circuit current never reaches the pickup current of the feeder relay. Overcurrent relays, 
as well as directional relays and reclosers rely for their operation on detecting an abnormal current. 
Hence, all protective systems based on these protection devices can suffer malfunctioning because 
of the reduced grid contribution. This mechanism is called blinding of protection  
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Figure 12 Illustration of protection blinding phenomenon 

 

5.1.5. Sympathetic tripping 
One issue in protection settings of distribution network with high penetration of inverter based 
energy systems is sympathetic tripping. A typical example of sympathetic tripping in MV network 
with inverter based DG system interconnected to it is as illustrated in Figure 13 (K. I. Jennet, 2015.): 
Consider a fault in the feeder 2 that results in the voltage drop at the 400 V terminals of DG to below 
75%. If the fault on feeder 2 is isolated, with a delay of longer than 2s from fault inception to 
clearance, then the DG interface protection will trip due to the under voltage requirements of 
AS/NZS 4777.2: (2015). This undesired tripping is known in relay literature as “sympathetic tripping” 
and the severity of this problem can increase with higher penetration of DG/IES connected to the 
grid. The protection setting for the DG/IES connected to the MV network must consider this factor 
and accordingly designed to avoid sympathetic tripping.  

 

 
Figure 13 Simple diagram of a Distribution network at risk of Sympathetic tripping (K. I. Jennet, 2015.) 
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5.2. Coordination with upstream AUFLS 
AUFLS describes the set of under-frequency relays in New Zealand which automatically trip blocks of 
load following a severe under-frequency event to seek to restore the system frequency. These relays 
are used as a last resort to attempt to prevent the collapse of the system from under-frequency 
following an extended contingent event or other undefined events which have the potential to cause 
a system blackout. The sudden disconnection of a large generating unit is a typical example of a 
system event that will cause the system frequency to drop below 50 Hz. When the frequency falls 
below certain value as per Table 7, AUFLS needs to be activated. (Transpower system operator, 
2016). Transpower is currently reviewing New Zealand future AUFLS setting and have proposed 
some more granular schemes in terms of blocks including some special features like RoCoF for North 
Island distribution networks. The South Island system is much simpler due to exclusive hydro 
generation system in that part of our Power system network. 

Table 7 AUFLS regime for New Zealand's North Island and South Island Network 

North 
Island 

%  Trip 
Freq 
(Hz) 

Operation 
time (s) 

2nd Trip 
Freq 
(Hz) 

Hold 
Delay (s) 

RoCoF 
setting 
(Hz/s) 

Freq 
guard 
(Hz) 

RocoF 
hold 

delay (s) 

Block 1 10% 47.9 0.4 - - - - - 

Block 2 10% 47.7 0.4 47.9 15 - - - 

Block 3 6% 47.5 0.4 47.7 15 - - - 

Block 4 6% 47.3 0.4 47.5 15 -1.2 48.5 .1 

 

South 
Island 

%  Trip 
Freq 
(Hz) 

Operation 
time (s) 

2nd Trip Freq 
(Hz) 

Hold Delay 
(s) 

Block 1 16% 47.5 0.4 - - 

Block 2 16% 46.5 0.4 47.5 15 

 

This type of scheme is followed worldwide and Figure 14 provides comparison of the percentage of 
load shedding under AUFLS scheme across various regions.  With large scale IES penetration, the 
setting and testing of the IES response to a severe under-frequency event will have to be better 
understood. 

The addition of DG/IES to the MV network should not affect the functionality of AUFLS for ensuring 
its existing effectiveness during transmission emergencies and disturbances. The threshold for the 
main and back-up under frequency protection setting for non-rotating DG/IES should be below the 
AUFLS least threshold. This is to ensure that the DG/IES can support the grid during the loss of 
generation which causes network under frequency. This shall be further investigated in CS 2.3.6.  
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Figure 14 Example of AUFLS load shedding % across various countries 

 

5.3. Service Restoration 
The service restoration of the power grid after a fault is cleared is a critical step and an important 
factor which determines the reliability statistics of the distribution network annual performance 
measures. The aim of service restoration is to reconfigure the grid (status of the reclosers and 
breakers) to deliver power to the de-energized zone after the fault is cleared in a shorter time.  In a 
traditional power system, the service restoration process was based on the optimized 
algorithms/logical sequences which were meant for passive networks. The steps involved in service 
restoration in the traditional system are: 

1. Interconnection of individual “initial sources of power” and integrate it with the transmission 
system 

2. Minimization of the de-energized customer load within a stipulated time frame. 

Large scale penetration of DG/IES in the MV network will impact the service restoration process. 
Interconnection of DG/IES in the MV grid can be advantageous for service restoration processes if 
managed smartly.  This can be achieved by intentional islanding and utilization of DG/IES in black-
starting. Sectionalisation of the grid, deploying protection devices (auto-reclosers) enabled with IEC 
61850 communication and controlled back-feeding using DG can improve the service restoration and 
reduce customer outages.  These schemes are analyzed in the next chapter. 
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5.4. Impact of IES on earth fault protection scheme for medium voltage network with 
fault limiting devices. 

The impact of interconnecting IES to the medium voltage network with fault limiting devices like GFN 
and Peterson coil during earth fault is analyzed based on the fault simulation studies conducted as 
well as observations from some of the international studies reported. Based on the fault studies and 
EMT simulations conducted, it is observed that for the typical compensated MV network considered, 
there is no significant impact of interconnecting IES on the earth fault protection system. One of the 
New Zealand’s distribution utility’s experience of employing GFN is also discussed in this section.  

5.4.1. Earth-Fault limiting devices  

5.4.1.1. Compensated Medium voltage network 
In extensive overhead lines and cable system, the capacitive earth currents are large which leads to 
large fault currents (Guldbrand, 2009). Single line to ground faults causes outages and reduces the 
reliability indices like SAIDI and SAIFI. One potential solution to address these issues is the 
technology used more commonly in Europe, called the Ground Fault Neutraliser (GFN). The GFN is 
based on resonant grounding, and is designed to inject an equal and opposite current into the 
ground, thereby compensating or ‘neutralising’ the effects of the fault (Chowdhury, 2009, ) . In order 
to improve the quality of power supply with less outages, there is increase in the installation of 
ground fault neutralizers in the medium voltage distribution network with long feeders. The Ground 
fault neutralizer connected to the neutral of the distribution transformer injects inductive current 
which compensates the capacitive fault current in the system. If the coil is well tuned, the earth fault 
current becomes minimal resulting in rush extinction of the fault arc in air. In order to facilitate 
selective earth fault detection, resistor is placed in parallel to this tuning coil. Ideally the inductive 
current shall be equivalent to the capacitive current thus reducing the earth fault current (consisting 
only resistive elements). But in practice slightly over-compensated GFN are typically employed.  

5.4.1.2. Peterson coil 
Another current limiting devices widely employed in the Medium voltage network in Europe for 
earth faults is Peterson coil.  As shown in the Figure 15, a variable single phase reactance 
(inductance) is connected between the neutral of the transformer and the earth. The value of the 
inductance of the Peterson coil is tuned to equal to the overall system capacitance. 
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Figure 15 Representation of Peterson coil during earth fault 

 

5.4.1.3. Fault limiting device in medium voltage network of New Zealand-RCC
 based Ground fault neutralizer 

Some of the distribution companies in New Zealand have trialled a special type of GFN in their 
medium voltage network. It is based on residual current compensation a variation of GFN. In 
addition to connecting a self-tuning inductive element between the neutral of the transformer and 
the earth, current that is 180° out of phase using measured residual earth fault current is injected 
into the system (Winter & Winter, 2007).This is Residual current compensation based ground fault 
neutralizer and has been developed by Swedish Neutral. The schematic of the RCC-GFN system is 
shown in the Figure 16. The case study on the implementation of fault limiting devices for earth fault 
in New Zealand was conducted by the University of Auckland and following is the brief summary of 
this assessment.  

 

Figure 16 RCC based GFN installed in New Zealand networks (Winter & Winter, 2007) 
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5.4.2. Case study on fault limiting device in New Zealand- NorthPower 
Although the GFN has been widely deployed in Europe and China over the last few decades, this 
technology is relatively new to New Zealand. In New Zealand, the grounding of most distribution 
networks is primarily solid-earthing (Orion, 2012). There have been a few installations of RCC based 
GFN in the country in recent years. The GFN is deployed to primarily improve service restoration 
times particularly during single phase to ground faults which are the dominating type of fault in any 
distribution network and specifically in overhead lines. A case study was conducted by the Power 
system group students of University of Auckland (Rao M. & Phan Q., 2012) to assess the impact of 
GFN on the Northpower’s Poroti zone substation where GFN was installed as a pilot project. Though 
this was not part of GREEN Grid, the analysis of this case study is relevant to this project particularly 
to assess what the future impact of IES for these types of NZ feeders. The network analysed in the 
case study is a medium voltage distribution network in the rural area with long feeders supplying 
dairy farms. The 33/11kV Poroti substation, as shown in Figure 17, comprises of one incoming 33 kV 
feeder (supplied by Maungatapere GXP), one 33/11 kV step-down transformer, four outgoing 11 kV 
feeders, a number of protective relays, and switchgear. The four 11 kV feeders at Poroti are: Titoki, 
Hotel, Wharekohe and Kokopu. Of these, Titoki is the longest feeder and spreads out widely, 
reaching as far as Pipiwai. Although it has a small total load, the Poroti substation covers a relatively 
large area. Currently, two reclosers have been installed on the Titoki feeder for protection purposes. 

Ground Fault Neutraliser installed at the substation operates as follows: GFN contains what is known 
as an Arc Suppression Coil (ASC) or Petersen Coil. This is a single-phase tunable reactance connected 
between the neutral starpoint of substation secondary windings and earth. When an earth fault 

Figure 17 Poroti Substation protection schematic with GFN 
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occurs, given that the ASC is correctly tuned to form an oscillating circuit with the earth capacitance 
of the distribution network, the ASC of the GFN produces an inductive current IL, which is equal and 
opposite to the resultant capacitive current of the two unfaulted phases, IC,r and IC,y. As shown in 
the vector diagram of below, the inductive and capacitive currents cancel out, giving a resultant 
current of 0.  

 
Figure 18 Vector diagram for operation of GFN 

The research concluded that overall reduction in SAIDI (as shown in the Table 8 and 19) of the 
network was 61%. Although SAIDI was improved markedly, the network saw no improvements in 
SAIFI. This is due to the fact that the GFN is not designed to prevent faults from occurring, but to 
compensate for a fault when it does occur. SAIFI was particularly high in 2010, the reason being that 
a number of faults caused by the commissioning of the GFN rather than natural faults. In order to 
further assess the benefits of the GFN, the criteria of safety was also investigated, which involved 
performing an analysis on the Earth Potential Rise (EPR). Certain harmonics in a fault current can 
contribute more significantly to the total EPR than other harmonics (Jorgensen, 2012 May). The 
results presented in Figure 19 indicate that the 5th and 7th harmonics contribute most significantly to 
the total EPR. These harmonics can cause EPRs of over 1.4 kV for earth resistances over 30 Ω. As the 
step and touch voltages would reach hazardous levels, therefore the requirements of IEC 60479 are 
not met. However, with the GFN, which consists of both the Arc Suppression Coil and the Residual 
Current Compensation feature, EPR can now be successfully reduced to insignificant values, in fact 
zero theoretically, hence bringing public safety improvements and meet requirements of IEC 60479.  

 
Table 8 Results from the GFN study 

 2008 2009 2010 2011 
SAIDI (min/system 
customer/yr) 

372.64 209.36 130.07 94.34 

SAIFI (interruptions/ 
system customer/yr) 

2.80 2.09 3.94 1.30 

 

Table 9 Results from the GFN study 

 2010 2011 2012  
(1st half) 

No. of faults 
compensated by GFN 

128 141 149 

No. of earth faults 132 166 159 
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Figure 19 EPR caused by each harmonic 

Despite all these advantages, the GFN is no longer operational in that network. It was due to fault in 
the equipment[RCC inverter] as well as due to unreliability of the fault finding technique. Hence  
compensated medium voltage network topology is no longer employed to improve the reliability of 
the distribution network . Rather more traditional means like vegetation management techniques 
are used instead.   

 

5.4.3. Earth fault simulation studies for compensated MV network with IES 
 

In order to analyse the impact of interconnecting IES to a medium voltage network with fault limiting 
device like GFN , Earth fault simulation studies was carried out using POWERFACTORY DIGSILENT 
software.  Since none of the New Zealand’s compensated medium voltage distribution network has 
IES connected to it, a typical MV network similar to the New Zealand’s distribution network was 
chosen for modelling and simulation.  CIGRE MV benchmark network (CIGRE TASK C6.04) which was 
developed for analyzing the impact of integration of DER is selected for this study. The CIGRE 
European MV network is modified to analyse the performance of GFN after interconnection of IES. 
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CIGRE MV benchmark network for integration of renewable and distributed energy resources (CIGRE 
Task C 6.04) 

In order to evaluate the impact of IES on the fault currents in the compensated medium voltage 
network, CIGRE MV benchmark network (Strunz, 2014) is modelled in POWERFACTORY DIGSILENT 
software. The original CIGRE MV benchmark network is slightly modified for our assessment with 
IES. The underground cables are replaced by the Overhead cables. CIGRE MV benchmark model 
considered for this study is represented in the Figure 20. The modified MV model consider consists 
of 11 nodes with the rated voltage at 20 kV. It is connected to the sub transmission system via 
110/20 kV transformer. In the CIGRE benchmark model, the transformer is ungrounded. But in the 
modified model which was analysed, appropriate rating of Peterson coil (GFN) is connected to the LV 
neutral to carry out compensated network fault studies (Banerjee & Heckmann, 2015). 

 

Figure 20 CIGRE MV benchmark model 

 

Various scenarios and fault studies have been conducted for this network. The CIGRE MV benchmark 
model was subjected to single phase to ground fault with and without GFN and variables like zero 
sequence elements, line to ground voltages, currents were observed. These variables are used for 
fault detection algorithms.  Thereafter, large scale IES (like solar farm) or distributed IES on the LV 
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feeder (like distributed residential/commercial PV-inverter systems) is interconnected to this model 
and similar fault studies were conducted to analyze the impact of IES. Transient analysis was carried 
out in these models to observe the time domain waveforms of system variables. Single line to 
ground fault were created at the line between node 2 and node 3 at 1 second. 

5.4.3.1. Scenario 1 – Comparison of CIGRE MV benchmark model with and 
without GFN 

 Single line to ground fault are simulated for CIGRE MV benchmark model with and without GFN in 
POWERFACTORY DIGSILENT and the fault currents evaluated. It is observed that the short circuit 
fault current reduces dramatically for compensated network along with the added benefit of very 
minor reduction in normal line voltages of the un-faulted phases.  

Table 10 Single line to ground fault analysis 

 Phase Voltage 
(kV) 

Voltage 
(Deg) 

Short 
circuit 
MVA 

Short 
circuit 

current(kA) 
Without 
GFN 

     

 A 0 0 55.64 4.82 
 B 10.16 -154.55 0 0 
 C 12.67 85.01 0 0 
With GFN      
 A 0 0 0.27 0.02 
 B 19.83 178.99 0 0 
 C 19.8 118.87 0 0 

 

Transient Analysis 
Electromagnetic transient (EMT) module of the PowerFactory DIgSILENT software was used to 
generate the time domain waveform of the system variables like zero sequence elements. The 
changes in these waveforms are typically used in the fault detection algorithm by various 
commercial relay companies. The earth fault detection system used in New Zealand’s distribution 
network is also discussed later in sub-section 5.4.5. The waveform required for the relay operation, 
for the CIGRE MV modified benchmark model analyzed in this report, is generated also through the 
EMT simulation studies. For other networks a similar approach can be carried to assess the GFN 
needed to achieve the necessary reduction of ground-fault currents. 
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The Figure 21 represents the single line diagram of the modified CIGRE MV model without GFN in 
DIgSILENT.  The Figure 22 represents the single line diagram of the modified CIGRE MV model with 
GFN in DIgSILENT. The fault current in the compensated MV network is observed to be very low 
compared to the fault current in ungrounded MV network as observed from the Table 10.  

Figure 21 Single line to ground fault in ungrounded MV network 
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Figure 22 Single line to ground fault in compensated MV network 

 

Figure 23 shows the zero sequence voltage waveform of compensated MV network following an 
earth fault. This waveform is similar to the measured zero sequence voltage waveform in some of 
the field trials which are shown later in Figure 29 and Figure 33.   
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5.4.3.2. Scenario 2 –- Comparison of compensated CIGRE MV network with IES 
and without IES 

Similar to the study conducted earlier, single line to ground fault is simulated in the CIGRE MV 
distribution network with and without the IES. No change in the fault currents was observed. 

Table 11 Fault analysis of compensated MV network with IES 

 Phase Voltage(kV) Voltage(Deg) Short 
circuit 
MVA 

Short 
circuit 
current(kA) 

Without 
IES 

     

 A 0 0 0.27 0.02 

 B 19.83 178.99 0 0 

 C 19.8 118.87 0 0 

With IES      

 A 0 0 0.27 0.02 

 B 19.92 179.23 0 0 

 C 19.88 119.11 0 0 

 

Figure 23 Zero sequence voltage following earth fault for compensated MV network 
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Figure 24 Compensated MV network with IES 



39 | P a g e  
 

Figure 24 shows the earth fault studies conducted on compensated MV model with IES in DIgSILENT. 
PV-inverter system is interconnected at the node 3. As observed from the results the PV-Inverter 
system does not significantly affect the operation of GFN for earth fault. The transient waveforms 
are generated for this system. The zero sequence voltage waveform for compensated MV network 
with IES as shown in the Figure 26 is similar to the zero sequence voltage waveform for 
compensated MV network without IES as shown in Figure 23. Figure 25 shows the zero sequence 
current waveform for compensated MV network with IES. These transient waveforms can be used 
by the fault detecting relays systems. 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 Zero sequence current in Compensated MV network with IES 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 Zero sequence voltage of compensated MV network with IES 
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5.4.4. Comparison of simulated waveforms with field tests conducted in Norway 
compensated MV network for earth fault 

Field tests were carried out in the Norway’s MV compensated distribution network as part of the 
research work carried out by NTNU  (Bjerkan & Venseth, 2005). The voltages, current along with the 
fault currents were measured in these field tests. The measured waveforms (Figure 29) are similar to 
the waveforms simulated for the CIGRE MV compensated network in the previous subsection (Figure 
26). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 Single line diagram of the network analysed (Bjerkan & Venseth, 2005) 

Figure 27 Field tests conducted in Norway compensated MV network (Bjerkan & Venseth, 2005) 
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5.4.5. Existing fault detection method employed in New Zealand’s 
compensated network 

The existing earth fault detection method employed in the case study of New Zealand’s 
compensated medium voltage network- NorthPower’s Poroti substation discussed earlier. North 
Power has installed A-eberle (Druml) fault detection system. This system has the capability to 
employ any fault detection algorithm as wattmeteric/harmonic etc. The system here employs QU-2 
algorithm for earth fault detection. The measured values of the zero sequence currents and voltages 
are fed into the relays EOR-D which generates QU curves Figure 31). Based on the shape of the QU 
curves, the relay signals the DMS if fault has occurred. The zero sequence voltage waveform (Figure 
33) for earth faults is similar to the transient waveforms generated in the simulation studies (Figure 
26). Figure 32 shows the recorded Voltage and current waveforms by the relay system. 

The GFN’s ground fault current statistics (when operational) provided by Northpower are as follows: 

 

  

Figure 30 Measured phase to voltage waveforms (Bjerkan & Venseth, 2005) 

Figure 29 Zero sequence current calculated at fault site (Bjerkan & Venseth, 2005) 
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• The maximum ground to earth (Zero sequence) current without GFN at Poroti Substation is 
3600 Amps. With GFN plant tuned to the Poroti substation network this lowers the 
maximum ground to earth (Zero sequence) current to 5 to 10 amps. As for Zero sequence 
voltage prior to GFN was around 1.7 kV and when network was compensated with GFN Zero 
sequence voltage was approximately 6 kV. 

• When GFN was placed in service the plant was tuned to the Network hence lowering the 
earth fault to 5- 10 amps.  This remainder of residual current was compensated by RCC 
inverter (Residual Current Compensation) within 3 to 4 cycles (60 to 80 ms). Hence from the 
time the fault is detected to by the time fault is fully compensated was approximately 80 ms. 

Figure 32 Recorded i0 and U0 values. [X axis in ms] 

Figure 33 Recorded Zero sequence Voltage in percentage. [X axis in ms] 

Figure 31 QU curve 
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5.4.6. Discussion of the earth fault simulation studies for impact of IES on 
operation of GFN 

Based on the earth fault simulation studies conducted for the CIGRE compensated MV network 
model with IES in PowerFactory DIgSILENT, it is observed that there appears no significant impact of 
IES on the operation of GFN for the network analyzed. In general most of the New Zealand’s MV 
network is solidly grounded. With higher uptake of IES in the MV network and employing better GFN 
technologies in the future, EMT dynamic studies and fault analysis shown in earlier sections can be 
undertaken by the distribution utilities, if they are concerned. 

5.5. Fault current contribution of IES – Simulation studies 
In order to assess the fault current contribution of IES on a typical New Zealand MV network, 
Vector’s MV distribution network was looked into and a typical 11 kV network was identified for 
modelling in DIGSILENT software. The network analyzed is as shown in Figure 34.  

 

Figure 34 Vector's typical 11 kV network simulated in DIgSILENT 

The IES is modelled with rating equal to 1.2 MVA which is equal to the maximum load of the circuit 
analyzed i.e. 100% penetration is considered. The IES was modelled with LVRT capabilities similar to 
the simulations of report 1 of the CS 2.3.4.The interconnection point of IES is varied and the fault 
studies were conducted for various fault locations. The results of the simulations results are 
tabulated in the Table 11 through to 14.  

Table 12 Fault at F1 with IES connected at BB3 

Fault location F1 Short Circuit MVA Skss 
MVA 

Initial short circuit 
current Ikss kA 

Fault values at BB1 88 4.619 
Fault Values at BB3 87.99 4.618 
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Table 13 Fault at F2 with IES connected to BB3 

Fault location F1 Short Circuit MVA Skss 
MVA 

Initial short circuit 
current Ikss kA 

Fault values at BB1 93.6 4.911 
Fault Values at BB3 - - 

 

Table 14 Fault at F1 with no IES 

Fault location F1 Short Circuit MVA Skss 
MVA 

Initial short circuit 
current Ikss kA 

Fault values at BB1 87.99 4.618 
Fault Values at BB3 88 4.619 

 

Table 15 Fault at F1 with IES connected to BB5 

Fault location F1 Short Circuit MVA Skss 
MVA 

Initial short circuit 
current Ikss kA 

Fault values at BB1 88.03 4.62 
Fault Values at BB3 88.03 4.62 

 

Table 16 Fault at F2 with IES connected to BB5 

Fault location F1 Short Circuit MVA Skss 
MVA 

Initial short circuit 
current Ikss kA 

Fault values at BB1 93.6 4.911 
Fault Values at BB3 - - 

 

This result of the simulation shows that the fault current contribution from IES in medium voltage 
network is very marginal.  This simulation just illustrates the procedure of how one can carry out 
assessment studies.  

However, more studies need to be done as international studies does indicate care to be taken for 
DG connected to MV. Most of the reports and papers are primarily for rotating DG rather than an 
inverter-interfaced one.   The voltage level also plays a big part in fault levels. 

Some international case studies show that by upgrading the voltage level for MV, one can get more 
headroom from viewpoint of available fault levels.  Operating the MV as a meshed network also 
provides some additional advantages but it will then require more involved differential schemes of 
protection. The meshed operation of MV is discussed in Chapter 6 of this report. 
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III. KEY LEARNING OUTCOME 
The various impacts of interconnecting IES on the protection schemes of medium voltage 
distribution network have been investigated in this chapter. Typical Medium voltage network were 
modeled and fault studies were simulated to analyze the impact of interconnecting IES. The 
potential factor that has to be considered by New Zealand’s distribution companies during 
interconnection of IES which will impact the protection schemes is comprehensively discussed. 
Potential challenges to the integration of IES were also identified by analyzing protection studies 
conducted in overseas distribution networks. 

It is concluded from these discussions that for interconnecting IES to the MV network, distribution 
utilities have to consider all these factors and appropriately design protection scheme on case by 
case basis based on their respective network configuration.  

The performance of the earth fault protection system for compensated medium voltage network 
with IES is investigated through fault simulation studies conducted on typical CIGRE MV benchmark 
model. The study shows that there is no significant impact of IES on the operation of fault limiting 
devices like GFN. A case study on the earth fault protection system in New Zealand’s MV network 
with fault limiting device is conducted. In General New Zealand’s medium voltage networks are 
solidly grounded. The simulation study to demonstrate the addition of IES to the MV network 
concludes that the integration of IES does not increase the fault to the overall network. However 
more realistic DG interconnection scenarios will have to be looked into better analyzing the extent of 
impact expected. 

 A KEMA consulting report, done in 2005 indicates that for UK network there will be no issue from 
fault levels for up to 50% penetration in LV network with a slightly lower threshold for MV 
connected DG. But there they assume primarily rotating DG.  However, in order to address 
operational issues like over reach/under reach of the relays like sympathetic tripping, blinding & 
false tripping; and protection devices (auto-recloser) coordination issues which was identified for 
specific network in the studies conducted overseas, communication and automation functionality 
along with back up protection will be required for MV network interconnected with IES. Potential 
implementations are addressed through the discussion of GREEN Grid interconnection box proposed 
in the Chapter 7 while the schemes themselves have been elaborated in the next Chapter 6.   
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Chapter 6  Conceptual new devices/schemes for protection & automation of 
medium voltage network with IES. 
 

I. OBJECTIVE 
The objective of this chapter is two-fold: 

• To investigate new conceptual devices/schemes for medium voltage network 
interconnected with the IES in parallel for quicker fault location & service restoration. 

• To investigate suitable communication schemes/architecture to implement fiber to the 
home (FTTH)/fiber to the premise (FTTP). 

DISCLAIMER: Details of the schemes discussed in this chapter describes some particular vendor’s 
solution pathway.  This has been used for illustrative purposes only and indicative of the variety of 
the methods and solutions that are being proposed in recent years.   

II. RESEARCH ANALYSIS 

6.1. Conceptual communication architecture for IES interconnected to MV network 
Adding communication functionality to the IES interconnected with medium voltage distribution 
network has many benefits from view point of protection and automation.  By designing protection 
schemes for MV distribution network interconnected with large IES, many operational abnormalities 
identified in the previous chapter like under reach/over reach of the relays can be resolved. Also the 
distribution utility can realize control functionalities over large-scale IES interconnections, and also 
explore new load management systems integrated with extended reserves. These are the key 
objectives outlined in the immediate future work of GREEN Grid following this work-stream i.e. CS 
2.3.6 and CS 2.3.7. Existing substation automation and communication architecture is as shown in 
the Figure 35. 

 

Figure 35 substation automation using IEC 61850 standard (Alek, 2012) 
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A large IES or a cluster of smaller IES interfaced with the GREEN Grid interconnection box (proposed 
in the next chapter) can be integrated with the distribution system in similar way. The distribution 
utility can have 3 control/management functionalities via communication channels as illustrated in 
Figure 36 (Electric Power Research Institute (EPRI), 2010 ): 

 Tightly coupled control 

Such control method can be regarded as directly management system. The controller 
directly connects to different components (PV array, battery storage and other IES) and it 
will independently and intellectually make a decision or control action based on the 
information of current IES status or measured values. Therefore, the channel between 
controllers and IES should be fully available and it requires a high speed communication. 
Additionally, information such as weather forecasting, schedule, price and so on, can also be 
sent to such controller from other systems like the operation center. Examples of direct 
commands include: (i) Connect/disconnect from grid, (ii) Charge to % of capacity at specified 
ramp rate or for specified length of time, and (iii) Discharge to % of capacity at specified 
ramp rate or for specified length of time. 

 Loosely coupled control 

Loosely coupled control does not require a rapid communication, meaning that relatively 
large delays in this system can be acceptable. In fact, PV controllers automatically and locally 
manage its components, which are similarly known as direct management. Local and general 
information or data can be utilized to make the necessary command control actions. Since 
this method is loosely coupled control, the utility could update any settings when its needed, 
and this system won’t need to make a rapid response, instead, it may respond to changes in 
times periods as long as per hour. 

 One-way broadcast/multicast 

In this method, the utility only needs to broadcast requests to IESs or IEDs without the 
expectation of any communication feedback. Each PV controller can take a command 
control action based on its capability and local status. The utility will receive response 
information much later from the associated metering system. One thing to be noted, this 
method also can be seen as loosely coupled control, since it doesn’t require rapid feedback 

 

Figure 36 IES Management through communication 
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6.1.1.  FTTP (Fiber to the premise) communication technology standard 
An efficient and reliable connectivity requires high speed and high security. Therefore, fiber to the 
premises connections are widely considered as a potential solution, due to their high-performance in 
market. Another benefit of fiber is that its capacity is much larger than twisted pair conductors, DSL 
or coaxial cable. Currently, there are two types of methods for FTTP, i.e. active optical network and 
passive optical network. 

An active optical system is used to manage signal distribution and direct signals to specific customers 
via Ethernet electronic such as a switch aggregator. This Ethernet electronic operates in various ways 
in order to guide the incoming and outgoing signals to the proper place. In such a system, a 
customer may have a dedicated fiber that provides full bi-directional bandwidth. Moreover, the 
distance limitation of an active optical network is usually 80 km, regardless of the number of 
subscribers being served. As shown in Figure 37, an active optical network is regarded as point to 
point network, due to its active Ethernet switch controller. 

 

Figure 37 Active optical network 

 

Figure 38 Passive optical network 

A passive optical network (PON) as shown in Figure 38, which consists of an optical line terminator 
(OLT) and a set of optical network terminals (ONT), uses passive optical splitters to separate and 
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collect optical signals. Due to this set-up, the bandwidth and distance are affected by the number of 
end users.  

Since this report focuses on the distributed generation for medium voltage level, the communication 
architecture and physical layout of the whole system have more commons when compared with 
PON. Besides, due to the completion of the IEEE 802.3ah Ethernet in First Mile standard, the PON 
network is able to make best use of fiber. Therefore, the cost lowers down. 

Gigabit-capable passive optical networks (GPON) 

One possible way to apply PON to the distributed network is GPON standard that based on ITU-T 
Recommendation G.984. The total bandwidth through a PON network can reach to 2.488 Gb/s in the 
downstream and 1.244 Gb/s in the upstream. Time Division Multiplexing and Time Division Multiple 
Access are adopted to channel sharing in downstream and upstream separately. This provides 
enough bandwidth to communicate with each component. Another concern for GPON is its latency 
in the system. In the distributed network, the delay caused by the distance factor is usually ignored, 
due to its short distance. However, the real concern is the level of queuing delay. Each PV inverter or 
controller will transmit variety of data packets according to granted time. In practice, a dynamic 
bandwidth allocation algorithm can be used to adjust data transmission based their priorities so that 
the system becomes more efficient. According to the GPON standard, the maximum mean signal 
time delay is 1.5 ms. Network security is also a significant issue in distributed network. Usually, the 
information will be encrypted before transmission and the fiber optical network is a physically wired 
network, which is robust and hard to be hacked through fiber. Now, a concern that requires 
addressing is the denial of service from malicious attackers. A possible solution to potential attack 
may be the use of two separate ONU and ONT for each relay providing fully redundant 
communication. 

6.1.2.  Communication standard/protocol for data transmission 
There are many different communication standards than can be applied to the optical network, such 
as MODBUS, LON, DNP, DNP3, IEC 60870 and IEC 61850. However, most of the protocols are built 
from the data transmission level. This method simply provides an efficient and convenient way to 
transmit data to other system components and every data unit has a unique address. For example, 
the IEC 60870 standard classifies data based on its priority, and then provides the different data with 
a specific address. The IEC 61850 standard describes a comprehensive structure for Intelligent 
Energy Devices beyond the protocol level. This is an object-oriented approach with logical nodes 
that contain related data. All related data contains certain attributes, for example, all the data 
related to relays in the same area is contained in a logical node, and the substation or protection 
engineer can easily identify those objects. Figure 39 and Figure 40 shows the conceptual 
communication architecture for future PV inverter system grid integration. 

These control functions based on IEC 61850 object model, include: 

 Basic control PV inverter function  

The basic control functions are tightly-coupled commands, which are mainly used in tight 
interactions, usually between PV inverters and entities such as customer EMS. Such an entity should 
have the knowledge of the performance of the relevant PV inverters, and are also capable of 
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requesting updates for their current status. Since such a tight interaction is needed, the channel 
between those should be fully available. 

 PV/storage functions 

PV/storage functions can be seen as constraints. Whether final action will be executed or not will be 
based on results from these functions. For example, the inverter cannot increase its reactive power 
when its maximum reactive power is already reached. 

 Report functions 

These functions mainly contain two kinds of functions, which are event logging and status reporting. 
The basic concept for event logging is for scheduling. The event can be read from time “x” to time 
“y”. For status reporting functions, since requesting for status updates is periodical, or feedback on 
significant changes of status, IEC 61850 based object model issues a more convenient approach, 
which adds an availability attribute for the different output. 

 Time synchronization 

For protection purposes, time synchronization becomes critical. Since optical networks consist of 
unique features, an IEEE 1588 Precision Time Protocol would be suitable as the time discrepancy 
between different devices can be less than 1 μs 

 

Figure 39 Conceptual fiber to home/premise [Sandia National Lab,DOE] 
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Figure 40 Fibre optic for automation and control for IES (Alek, 2012) 

 

Protection and automation of meshed distribution networks with distributed generation was 
analyzed by University of Auckland which was published in CIGRE 2012 (Bowe & Nair, 2012). Meshed 
distribution network was analyzed as a potential distribution network configuration to handle 
multiple DG being connected to MV networks in future as shown in Figure 41.  

 

Figure 41  Meshed distribution network configuration analyzed (Bowe & Nair, 2012) 

The emphasis of this paper was to illustrate the potential architecture to manage meshed operation 
of distribution lines/cables leveraging the broadband communications and cheaper sensor 
development. The chosen biased differential system assumes the availability of non-saturating 
current sensors and a suitable communication network. The GPON standard for Fibre-to-the-Premise 
communications was examined and shown to be suitable as a medium for protection phasor transfer 
as shown in Figure 42. 
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Figure 42 Connection of a multi-terminal group of relays to a GPON network (Bowe & Nair, 2012) 

6.2. Fault Location, Isolation and service restoration using new devices 
With wide deployment of IES, especially intermittent renewables such as PV, distribution systems 
are becoming increasingly dynamic and will face a variety of new challenges in power flow 
management, relay protection, voltage regulation, network reconfiguration, etc. However, most of 
the existing solutions in Distribution Management Systems (DMS) were designed to address 
traditional problems in a piecewise manner. Protective relays may not be well coordinated with the 
dynamics in network topology management and distributed energy resources. Therefore, more 
advanced Distribution Automation (DA) functions are desired to be in place to deal with the new 
challenges. Distribution automation has evolved to include a wide array of applications that include 
monitoring, control, reconfiguration, reporting and evaluation enlisted below: 

• Remote monitoring  
 Typically use SCADA protocols such as DNP3 or metering protocols.  
 Fault detection at feeder devices (e.g., faulted circuit indicators - FCI).  
 Circuit measurements (e.g. voltage, steady-state/fault current, and/or real/reactive 

power from discrete CTs, VTs and/or FCIs for both overhead and underground 
circuits).  

 Load measurements (e.g. energy, voltage, current and/or real/reactive power from 
AMI billing or distributed generation meters).  

• Remote monitoring with control  
 Typically use SCADA protocols such as DNP3.  
 Voltage and VAR control (e.g., power measurements and voltage or VAR regulation 

with line capacitor banks or line voltage regulators).  
 Generation control (e.g. power measurements and generation mode of distributed 

generation).  
• Remote monitoring with circuit reconfiguration  

 Typically use SCADA protocols such as DNP3.  
 Equipment status (e.g., open or close of station or circuit switches).  
 Fault detection, isolation and restoration (e.g., fault detection, power 

measurements, and open or close with line reclosers or switchgear with fault 
interrupters).  

• Reporting  
 Typically use file transfer protocols.  
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 Power quality measurements (e.g. harmonic content from high-end meters or 
monitoring/control devices).  

 Disturbance recordings (e.g. fault signatures or oscillographics from high-end meters 
or monitoring/control devices).  

• Evaluation  
 Configuration at the time of analysis.  
 Accurate fault location (e.g. based on analysis of fault currents, voltages and/or 

disturbance recordings).  
 Spare capacity for circuit reconfiguration (e.g. based on assumed equipment 

capabilities and historical power measurements).  
 

Existing distribution automation model of ABB, a global vendor, is as shown in Figure 43. 

 

Figure 43 ABB's existing distribution system automation and control (ABB, 2016) 

 

 

Figure 44 ABB's future distribution system vision (ABB, 2016) 
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 ABB’s conceptual future distribution system with IES for quicker fault location and service 
restoration by implementing distribution automation is as shown in Figure 44. 

The GREEN Grid interconnection box concept in the Chapter 7, has been realized uses Siemens 
Siprotec relays (Details shown in Appendix). This GREEN Grid box can be integrated with the new 
distribution automation system concept as visualized by these global vendors aimed for quicker fault 
location, isolation and service restoration for MV networks with IES as demonstrated in this section. 

 

 

Figure 45 Conceptual automation system for GREEN Grid interconnection box (Siemens, 2016) 

Case study using conceptual automation features for DA is as shown in Figure 45 which could be 
used for the proposed GREEN Grid interconnection box discussed in Chapter 7.  The element of this 
Siemens based scheme is as shown in Figure 46. 

 

Figure 46 Siemens DA system. Possibility for similar scheme using GREEN Grid interconnection box (Siemens, 2016) 

Salient features of above conceptual model: 

• IP based peer to peer communications 
• IES 61850 (with native peer to peer communication) 
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• High speed operation(suitable for Automatic transfer switch) 
• Distributed PLC logic sequences 
• Fault record retrieval  
• Asset monitoring 

There are 2 ways to address any future protection issues (identified in chapter 6) if required, by 
utilising distribution automation system proposed for the GREEN Grid interconnection box. 

• Protection Coordination as Network Configuration Changes: Typically, the statuses of various 
circuit breakers, reclosers, and switches can be monitored and the network configuration 
condition can be determined according to the status combination. When a change in 
network configuration is detected, the set-points of protection relays can be updated by 
using a lookup table since the status of switches is binary (on or off) and the number of 
combinations is finite  

• Protection Coordination due to Distributed Energy Resources and other Environment 
Changes: Increasing penetration of distributed energy resources and operation of Demand 
Response programs may affect the reach of protective relays. Setpoints for protective relays 
need to be updated automatically to protect the distribution system to the largest extent 
when the operating conditions change. Storm scoping is an example, where storm forecast 
data are exercised to update the relay setpoints. Other aspects that can be considered 
include interfacing with geographical information system (GIS) and interfacing with AMI. 

III. KEY LEARNING OUTCOME 
The different concept designs involving new devices are explained for enhancing the grid reliability 
following interconnection of IES. These are mostly commercially available products that are being 
used for smart grid with renewable energy trials globally. 

 New assets like inverters can communicate with existing substation automation system/SCADA and 
some of the case scenarios have been identified and discussed in this Chapter.  

With new distribution automation (DA) systems and IES, fault can be located, isolated and service 
restored quickly and efficiently. These types of distribution automation schemes and devices can be 
implemented in New Zealand for future scenario if we reach high penetration of IES in our MV 
distribution network.  
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Chapter 7 Proposed Protection and Automation scheme for IES/DG in MV 
network using GREEN Grid interconnection box 
 

I. OBJECTIVE 
Based on the discussion and observations identified in the Chapter 5 and Chapter 6, the concept of a 
GREEN Grid protection and automation box is proposed, in this chapter, which incorporates all 
generalized protection and automation functions required at the Point of Common Coupling (PCC) 
for medium voltage distribution network. GREEN Grid interconnection box is based on a previously 
proposed Black box that has been developed by the Power System Research Group (PSG) at the 
University of Auckland for rotating DG up to 5 MVA. The GREEN Grid interconnection box is 
developed specifically to ensure that it caters to inverter based DG protection and automation. The 
complete specification of a possible industry ready GREEN Grid interconnection box is provided in 
Appendix A. The testing platform for various protection and automation schemes for the GREEN Grid 
interconnection box needs to ensure that commercial relaying testing facilities incorporates IEC 
61850 features of testing to use features of advanced communication and interaction protocols 
amongst multi-function protection, monitoring and control devices.  The laboratory testing as 
described in this section of the report, was carried out for a typical transmission distance protection 
scheme enhanced by IEC 61850 compliant communication. This test illustrates how multi-vendor, 
multi-function and protection/control schemes that are likely to emerge in future smarter 
distribution network operation, especially in MV, could be tested. 

DISCLAIMER: The GREEN Grid interconnection box detailed design in this Chapter is based on the 
availability of resources at the power systems laboratory at University of Auckland. The choice of a 
vendors’ solution provided in this report is thus indicative only. This demonstrates the availability of 
comprehensive protection and automation functionality in available products that can be configured 
to interconnect IES to the medium voltage distribution network. Other major vendors have 
components that fit with the P&A solution scheme identified in this Chapter. 

II. RESEARCH ANALYSIS 

7.1. Concept of GREEN Grid box 
In order to have a common practice for the protection of MV networks with high penetration of 
DG, a GREEN grid interconnection box is proposed which has all the required protection 
functionality identified in earlier sections. Reflecting on the DG interconnection guidelines of the 
29 NZ distribution utilities, this helps provide some common design that could fit most of the 
requirements. Some of the additional protection functions can be easily added /modified to this 
generic solution. The basic building blocks include switch gear (circuit breaker), current 
transformers and potential transformers which are installed between the user’s connection and 
the utility, providing the following functions: 

• Control by the utility via built-in SCADA 
• Control of the user via trip and close permissive signals 
• Metering if required  
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Figure 47 Conceptual design of previously proposed Black box for rotating DG (A. Wells et. al, 2010) 

7.2. Conceptual design based on commercially available industry products 
Based on the protection & automation functionalities required, specific to interconnect large 
scale IES, PSG of the University of Auckland have designed a GREEN Grid interconnection box 
based on commercially available products. In this design, Siemens Ring Main Unit ‘8DJH series’ is 
chosen to be customized into GREEN Grid connection box. The conceptual design of GREEN Grid 
interconnection box is illustrated in Figure 48 and Figure 49. This design is based on the black 
box previously developed by University of Auckland which is illustrated in Figure 47. The GREEN 
grid box would need to have the following protection functionalities which will suit the 
distribution utility’s requirements: 

• Disconnect switch 
• Voltage protection 

o Over voltage (59 O) 
o Under voltage (27 U) 

• Frequency protection 
o Under Frequency (81U) 
o Over frequency (81O) 

• Earth fault and NVD Protection 
o Earth fault (50N/51N, 50G/51G) 
o Earth fault Directional (67N/67NC,) 
o NVD (59N) 

• Over Current voltage restraint protection (51V) 
• Synchronization (25) 
• Trip supply supervision relay (94) 
• Power factor or voltage regulation equipment(55) 
• External system phase unbalance (46) 
• Directional power for inverter shedding (32) 
• Fault interrupting devices (AFCI) 
• Anti _Islanding protection (AS/NZS 4777.2)  
• SCADA visibility status 
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Figure 48 Conceptual schematic for GREEN Grid interconnection box 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 49 Protection and Automation schematic 
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7.3. Fault simulation studies on real NZ medium voltage network 
Fault studies is conducted on a real New Zealand’s 11 kV network. Detailed GIS model with 
parameters representing actual Auckland’s distribution network is obtained from the distribution 
utility. Various load centers like commercial, residential and urban are identified and the required 
typical values are extracted from the database. A detailed model is then created in PowerFactory 
DIgSILENT software and the related network supply impedances, fault levels and network values are 
calculated. 

DISCLAIMER: The 11 kV network analyzed in this study are real Auckland’s Networks. Due to 
confidentiality, the names of the regions/suburbs are anonymized. The short circuit levels for these 
regions are calculated and the regions are classified into typical load centers. The regions are named 
in this report according to the type of load center. 

Following feeders are modelled in DIgSILENT and their typical fault characteristics evaluated. The 
figure 50 represents a highly urban network of Auckland’s medium voltage network. This is 
considered as network 1. Figure 51 represents urban residential network. This is considered as 
Network 2. Figure 52 represents highly urban mixed loads and this network is considered as network 
3. Figure 53 represents highly urban commercial network having both 11 kV network as well as 22 kV 
network. These are considered as network 4 and network 5. 

Figure 50 Network 1:  Highly urban network 
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Figure 52 Network 3: Highly dense mixed load network 

Figure 51 Network 2: Urban residential network 
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Figure 53 Network 4 and 5: Commercial network 11 kV and 22 kV 

 

 

Inputs into distribution network model: 

• Equivalent model for upstream distribution substation – source impedance 
• Lines and cables- Size, length, positive and zero sequence impedances and capacitance 

per km 
• Transformers – Size, positive and zero sequence impedances, cu and FE losses 
• Loads – Lumped loads with kVA and pf 

FAULT LEVEL CALCULATION FOR MEDIUM VOLTAGE NETWORK 

The fault levels were calculated for the various nodes in the medium voltage network. The fault at 
11 kV busbar at the grid equivalent source and the fault at the LV bus of 11/0.4 kV distribution 
transformer are tabulated. The fault level at the 11 kV busbar at the equivalent source is used for 
classification of the load Centre. 
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Table 17 Fault characteristics of the medium voltage network 

 At 11 kV equivalent source 
busbar 

0.4 kV busbar at 11/0.4 kV distribution transformer 

Type of load 
centre 

Initial SC 
MVA 

Initial 
SC 
Current 
(kA) 

Peak SC 
Current 
(kA) 

Initial SC 
MVA 

Initial 
SC 
Current 
(kA) 

Peak SC 
Current 
(kA) 

Network 
Classification 

Network 1  168.9 8.87 18.76 6.58 9.5 20.19 Highly 
urban(Densely 
populated housing) 

Network 2  144.83 7.6 15.88 6.52 9.43 19.55 Urban(Residential) 

Network 3 165.92 8.71 19 5.91 8.53 17.17 Highly Urban(Mixed 
loads) 

Network 4 -
11 kV 
network 

161.48 8.48 17.94 10.56 15.25 27.94 Highly 
Urban(Commercial) 

Network 5 – 
22 kV 
network 

691.5 18.15 39.44 10.56 15.25 27.94 Highly 
Urban(Commercial) 

 

The fault analysis on real 11 kV (MV) New Zealand’s feeders are conducted as per standard IEC 
practices as elaborated in the Chapter 5 of the LV report (Protection and Automation of Distribution 
Network with Inverter Based Energy Systems (IES) Rated up to 10 kVA). These have been tabulated 
in Table 17. 
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7.3.1. Case study: 11 kV urban residential network 
For this study ,a portion of 11 kV Urban residential distribution network(network 2)supplied by 
Vector in Auckland is modelled in PowerFactory DIgSILENT software. The equivalent grid source for 
upstream network (22 kV GXP) is considered as source of power supply to the network analysed. For 
the analysis the radial network from the grid source to the 2 distribution transformers – C2406DS 
and C1586DS is considered. The low voltage typical feeder network analysed in the report 2 
(Protection and Automation of Distribution Network with Inverter Based Energy Systems (IES) Rated 
up to 10 kVA) is integrated with this network as shown in the Figure 54 . Various scenarios were 
considered for the fault study. For the first scenario, no IES was considered and the fault studies 
were conducted for passive network. Second scenario was conducted for distributed IES (Residential 
PV distributed across a feeder) in the distribution network. Faults at various nodes were conducted 
and the short circuit parameters were noted.  Third scenario considers a large IES like solar farm 
rated 1 MVA is connected directly to the 11 kV distribution network via a dedicated step up 
transformer. Fault studies were conducted and the short circuit parameters were noted.  

7.3.1.1. Scenario 1: Existing network with no IES 
In this scenario no IES is connected to the 11 kV network. The typical low voltage distribution feeder 
modelled in the report 2(Protection and Automation of Distribution Network with Inverter Based 
Energy Systems (IES) Rated up to 10 kVA) is interconnected to the 11 kV network. The fault is 
conducted at various nodes and the short circuit parameters are noted. For this network the GREEN 
GRID interconnection box should have protection functionalities which shall comply with the existing 
schemes mentioned in the connection guidelines of all 29 distribution utilities of New Zealand. These 
guidelines were formulated for interconnecting rotating type DG to the network. The rotating type 
DG have higher fault current contribution. This is the reason the traditional back feed protection 
elements like 51V, 81R and earth fault elements (like 50N/51N, 50G/51G, 67N/67NC and 59N) are 

Figure 54 11 kV network analyzed 
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mandatory requirement for interconnection. Extensive research is done on this type of rotating DG 
which resulted in employing the before mentioned protection devices and has not been covered in 
this report. 

7.3.1.2. Scenario 2: 11 kV network with distributed IES in the low voltage 
feeder 

In this scenario the typical low voltage distribution feeder modelled in report 2(Protection and 
Automation of Distribution Network with Inverter Based Energy Systems (IES) Rated up to 10 kVA) is 
interconnected to the 11 kV network. The IES busbar shown in the Figure 55 is the interconnection 
between the typical low voltage feeder and the network. The node 5 and node 6 are the two parallel 
low voltage feeders analysed in report 2 (Protection and Automation of Distribution Network with 
Inverter Based Energy Systems (IES) Rated up to 10 kVA) which is also shown in the Figure 55. 

Figure 55 Representative Single line diagram 

 

 

Fault simulations are conducted for different nodes. All the IES are active with output of 5 kVA and 
the corresponding ICP loads are modelled as 1 kVA.  

The short circuit parameters calculated for different faults are as follows: 
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Table 18 Distributed IES analysis 

 

7.3.1.3. Scenario 3: 11 kV network interconnected with large 1 MVA IES 
In this scenario a large IES (Solar farm) rated 1 MVA is connected directly to the 11 kV distribution 
network via a dedicated step up transformer. It is interconnected between the 2 distribution 
transformers (C2404DS and CDS). The fault is simulated at various points and the short circuit 
parameters like short circuit currents and short circuit MVA are evaluated. The equivalent single line 
diagram is as shown in Figure 56. 

1

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
short circuit MVA 138.1 138.1 0 0 0 0 0 138.1 138.1 0 0 0 0 0
Short circuit current kA 7.25 7.25 0 0 0 0 0 7.25 7.25 0 0 0 0 0

2

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
short circuit MVA 138.1 138.1 6.8 6.8 0 0 0.2 138.1 138.1 6.8 6.8 0 0 0.2
Short circuit current kA 7.25 7.25 0.358 9.47 0 0 0.009 7.25 7.25 0.358 9.47 0 0 0.009

3

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
short circuit MVA 5.7 5.6 5.5 5.5 5.5 0 0.2 5.7 5.6 5.5 5.5 5.5 0 0.2
Short circuit current kA 0.297 0.294 0.288 6.74 6.74 0 0.009 0.297 0.294 0.288 7.64 7.64 0 0.009

4

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
short circuit MVA 6.6 6.5 6.4 6.4 0 6.4 0.2 6.6 6.5 6.4 6.4 0 6.4 0.2
Short circuit current kA 0.346 0.343 0.338 6.95 0 6.95 0.009 0.346 0.343 0.338 8.95 0 8.955 0.009

5

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
Short circuit current in phase A kA 7.604 7.6 0.001 0.028 0.028 0.016 0.003 7.6 7.6 0.003 0.089 0.033 0.056 0.003
Short circuit current in phase B kA 0.011 0.007 0.002 0.08 0.084 0.031 0.008 0.008 0.004 0.006 0.193 0.068 0.125 0.008
Short circuit current in phase C kA 0.012 0.008 0.003 0.6 0.064 0.039 0.009 0.009 0.005 0.007 0.148 0.05 0.098 0.009
Short circuit MVA at F1 MVA

6

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
Short circuit current in phase A kA 0.225 0.221 0.213 9.98 0.02 0.011 0.009 0.222 0.218 0.209 9.83 0.031 0.052 0.009
Short circuit current in phase B kA 0.217 0.0217 0.0216 0.079 0.79 0.037 0.009 0.219 0.219 0.218 0.174 0.06 0.113 0.009
Short circuit current in phase C kA 0.013 0.008 0.003 0.08 0.085 0.042 0.001 0.009 0.006 0.009 0.224 0.075 0.149 0.001
Short circuit MVA at F2 MVA

7

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
Short circuit current in phase A kA 0.154 0.15 0.141 6.54 6.56 0.025 0.009 0.15 0.146 0.137 6.503 6.55 0.098 0.009
Short circuit current in phase B kA 0.148 0.146 0.144 0.8 0.088 0.041 0.009 0.149 0.147 0.145 0.176 0.064 0.112 0.009
Short circuit current in phase C kA 0.013 0.008 0.003 0.79 0.076 0.006 0.001 0.009 0.006 0.009 0.237 0.085 0.154 0.001
Short circuit MVA at F3 MVA

8
Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7

Short circuit current in phase A kA 0.199 0.195 0.186 8.6 0.025 8.616 0.009 0.195 0.191 0.182 8.602 0.044 8.62 0.009
Short circuit current in phase B kA 0.191 0.191 0.189 0.076 0.076 0.035 0.009 0.193 0.192 0.191 0.174 0.061 0.113 0.009
Short circuit current in phase C kA 0.013 0.008 0.003 0.082 0.09 0.045 0.001 0.009 0.006 0.009 0.229 0.075 0.154 0.001
Short circuit MVA at F4 MVA

3 phase short circuit at F1

3 phase short circuit at F2

3 phase FAULT  at F3

3 phase fault at F4

Single line to ground fault at F1

1.24

Simulation of various scenarios without pv Simulation of various scenarios with pv
3 phase short circuit at F1

3 phase short circuit at F2

3 phase FAULT  at F3

3 phase fault at F4

Single line to ground fault at F1

48.27

Single line to ground fault at F2Single line to ground fault at F2

Single line to ground fault at F3

Single line to ground fault at F4

48.27

1.4

0.95

1.38

Single line to ground fault at F3

0.92

Single line to ground fault at F4

1.21
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1 3 phase fault F1 with no IES 1 3 phase fault F1 with no IES

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
SKSS(MVA) 144.38 144.38 0 0 0 0 SKSS(MVA) 144.38 144.38 0 0 0 0
IKSS(kA) 7.57 7.57 0 0 0 0 IKSS(kA) 7.57 7.57 0 0 0 0

2 3 phase fault at F2 2 3 phase fault at F2 

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
SKSS(MVA) 144.38 143.52 0 0 0 0 SKSS(MVA) 143.52 143.52 0 0 0 0
IKSS(kA) 7.57 7.53 0 0 0 0 IKSS(kA) 7.57 7.53 0 0 0 0

3 Single Phase fault at F1 3 Single Phase fault at F1

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
SKSS(MVA) 52.89 52.88 0 0 0 0 SKSS(MVA) 52.88 52.88 0.02 0.16 0 0
IKSS(kA) 8.33 8.33 0.002 0 0 0 IKSS(kA) 8.33 8.33 0 0.03 0 0

4 Single phase fault at F2 4 Single phase fault at F2

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
SKSS(MVA) 52.25 52.88 0 0 0 0 SKSS(MVA) 52.25 52.88 0 0 0 0
IKSS(kA) 8.23 8.33 0.002 0 0 0 IKSS(kA) 8.23 8.33 0 0 0 0

5 Single phase fault at F3

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
SKSS(MVA) 52.25 52.88 2.37 2.41 0.17
IKSS(kA) 0.21 0.2 0.009 9.89 10.06 0.7

Without 1MVA PV With 1MVA PV

 

 

Figure 56 Single line diagram with large IES 

Table 19 Large IES analysis 
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7.3.1.4. Summary on the fault simulation results of real MV networks  
As observed from the evaluated short circuit levels (Table 18 and Table 19), the short circuit values 
are same for MV network with and without IES for three phase faults. But for Single phase to ground 
fault, as observed in Table 18, there is small change in the flow of short circuit currents. For example, 
for single line to ground fault at location Fault4 shown in the Figure 55, the distributed IES in the 
adjacent feeder (Node 5) contributes to short circuit current (around 70 A). The distributed IES on 
the adjacent feeder appears to not anti-island and contribute to the fault in this scenario. But this 
fault current (70 A) contribution might not affect the existing feeder protection device (like fuses) 
but has to be analyzed on a case by case basis.  

In the fault studies conducted after integration of large IES to the MV (scenario 3), no change was 
found in the short circuit MVA of the network. A large 1 MW IES is connected to the node 4, which is 
between node 2 and node 3 (Figure 56). Even after integrating IES, the fault level at node 2 remains 
52.88 MVA for single line to ground fault (Table 19).   

The fault simulation analysis, on these practical networks, indicates that the integration of IES to the 
MV network considered does not impact the existing protection scheme. The additional back up 
protection required might be for the anti-Islanding protection scheme for IES systems at the 
interconnection point, in case it does not operate.  

7.3.2. Conformance of GREEN Grid interconnection box 
Based on the fault studies, the protection functionalities of GREEN GRID interconnection box are 
evaluated.  The GREEN GRID interconnection box functionalities can be classified as follows:  

Table 20 Recommended setting for GREEN Grid interconnection box 

No Protection 
function 

Relay recommended Fault simulation 
required to conform 
performance 

Simulation result Basis of relay setting for a 
typical MV network 

Recommended 
setting 

1 Detection of 
loss of 
parallel 
operation 
with the 
grid 

ANSI 27- 
Undervoltage relay 

Fault at MV busbar and 
transient analysis of 
voltage at high voltage 
side of the 
interconnection 
transformer. 

The voltage drop due 
to 3 phase fault 
upstream will be 
picked up by the 27U 
relay and operate as 
desired.  

The 27 relay shall 
coordinate with 
downstream under 
voltage protection 
settings of the inverter. 
Time grading shall be used 
for protection 
discrimination. 

Pick up setting: 
180 V 
Definite time : > 
2 seconds 

ANSI 59 – Over 
voltage relay 

  The 59 relay shall 
coordinate with 
downstream over voltage 
protection settings of the 
inverter. Time grading can 
be used for protection 
discrimination 

Pick up setting 
:260 V 
Definite time : 
>2 seconds 

ANSI 81- Over 
frequency relay 

Loss of large loads   Pick up setting: 
52 Hz 
 
Definite time : > 
0.2 seconds 

ANSI 81 – 
Underfrequency 
relay 

Loss of generation  3 phase fault at the 
MV bus bar 
connected to the 
equivalent grid 
source for short 
duration. 

81 relay shall coordinate 
with downstream under 
frequency protection 
settings of the inverter. 
Time grading shall be used 
for discrimination. 

Pick up setting: 
45 Hz 
 
Definite time : > 
2 seconds  
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2 Abnormal 
power flow 

ANSI 32 Reverse 
power flow relay 

Not applicable. 
Operational settings 

N/A Distribution utilities to 
decide on the values 
based on the MV network 
configuration 

Reverse power 
limit : set by 
utility 
Definite time 
trip: seconds set 
by utility 

3 Restoration 
and 
reclosing 

ANSI 25- synchro-
check 

Not applicable. 
Operational settings 

N/A Checks that the phase of 
voltages on both sides of 
the circuit breaker are 
synchronized within an 
acceptable accuracy 
ranges and performs a 
controlled reconnection of 
two systems which were 
disconnected after 
islanding 

N/A 

4 Fault 
detection   

ANSI 51V – voltage 
restrained over-
current relay 

 
 
 
The settings for these protection functionalities does not apply to the Inverter based energy 
system. They are mandatory for rotating DG configuration which is beyond the scope of this 
research work. 

Earth fault (50N/51N, 
50G/51G) 
Earth fault 
Directional 
(67N/67NC,) 
NVD (59N) 

7.3.3. Discussion on application of GREEN Grid interconnection box in New Zealand’s 
Medium voltage networks 

In general, the protection device for existing distribution/interconnection transformers (11/0.415 
kV) in New Zealand’s distribution system is a fuse. As per the requirements of connection guidelines 
of all 29 distribution companies, traditional back-feed protection functions (like 51 V) is 
recommended for interconnecting rotating type DG and these settings shall be set by the 
distribution utilities. As observed in the fault studies, fault current contribution from IES is less 
significant compared to the rotating type DG. The key issue with IES is loss of main detection which 
leads to Islanding. This requires back up for loss of mains protection which are mainly ANSI 27, 59, 
81O and 81U and 32 protection functions. The primary protection is set in the inverters as per 
4777.2(2015).  

The GREEN Grid interconnection box shall be backup protection to these settings as well as 
seamlessly integrate with the upstream DMS/SCADA system for future distribution network 
automation as discussed in the Chapter 6. As per the connection guidelines of 29 distribution 
companies, the settings for protection function for interconnecting the rotating type DG shall be set 
by distribution utility. If its mix of generation profiles in LV (rotating DG and IES) then the distribution 
utilities will set the values of the protection functions in the GREEN –GRID interconnection box for 
rotating DG and the values recommended in this Section (Table 16) shall be set to interconnect IES. 

Utilities do not recommend 51 V5 (PG&E, 2016) due to the limited fault contribution of photo-voltaic 
generating systems. The grid system frequency is quite stable for faults at MV/LV and ROCOF cannot 

                                                           

5 PG&E connection guidelines, California, 2016.  

(footnote continued) 
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be employed for interconnection of IES as it will lead to nuisance tripping of the IES. ROCOF is only 
employed on the MV feeder for large generation losses which will trigger Automatic under 
frequency load shedding scheme. These situations and the working of ROCOF relays and its settings 
is being investigated through for 2.3.6 as outlined in the Section 8. The MV network used in this 
research to study of interaction of IES will be used to assess AUFLS impact.  

 

Figure 57  Realizing GREEN_GRID interconnection box using Siemens solution 

7.4. Specifications of Siemens 8DJH which are appropriate for implementation in MV 
network with IES 

The Siemens 8DJH range( Figure 59) is rated at up to 24 kV so that customer’s requirements for both 
11 kV and 22 kV can be met within the one range of switchgear. In addition the 8DJH range has been 
extended to offer a 36 kV version which would ensure that if Customer requires this rating for 
special applications the equipment would be familiar to Customer’s staff and contractors across all 
voltage ratings. The 8DJH range is a modular system that provides either individual functional 
panels, or alternatively block units comprising several functions in a common enclosure. All units can 
be optionally fitted with the ability to be extended either to the Left or Right or on both sides. 
Adding additional panels can be achieved easily as the units slide together on guide pins ensuring 
they are accurately lined up. The design of 8DJH ensures that coupling the panels can be achieved 
without the need for any SF6 gas work as all units are “sealed for life”. The range utilizes SF6 for 

                                                           

[ http://www.pge.com/includes/docs/pdfs/shared/rates/tariffbook/ferc/tih/g2.pdf ] 

http://www.pge.com/includes/docs/pdfs/shared/rates/tariffbook/ferc/tih/g2.pdf
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insulation and is “Sealed for Life” this ensures that all gas operations are carried out in a controlled 
factory environment and there is no need, or possibility, of filling units on site with gas. This gives 
the highest level of safety and removes any requirement for high pressure gas cylinders to be moved 
around in vehicles with the attendant safety risks, not only for personnel, but also for equipment 
which would then rely on the skill and experience of local contracting staff to ensure that the 
switchgear performance level is achieved. 

The equipment is suitable for both mounting indoors in switch rooms or outdoors- type-tested, 
stainless steel enclosure which will house the RMU. The outdoor enclosures have been type-tested 
for compliance with IEC 62271-202 for Internal Arc Classification A and B. This provides assurance to 
Customer of the maximum level of safety not only for Customer’s staff and contractors but equally 
importantly to ensure the safety of the general public who do have access to these units installed on 
the footpath or berm. Alternatively, lower cost outdoor enclosure in hot dipped galvanised steel is 
available. This unit offers compliance with IAC AFLR and utilizes a pre-cast concrete plinth as a 
foundation. The 8DJH range provides all types of panel arrangements as set out in for GREEN Grid 
interconnection box for MV; Load Break switches (630 A), Fuse Switches (200 A), and Circuit 
Breakers (630 A). The range of 8DJH panels comply with High classification of International Standard 
IEEE693- Recommended Practice for Seismic Design of Substations. Siemens SICAM CMIC Remote 
Terminal Unit (RTU) is used to provide communication functionality which has IEC 61850 and DNP3 
capabilities. 

• Protection IED 

Siemens 7SJ85/7SJ86 IEDs can be used for protection and automation purpose. 

• Current and voltage measurements 

Siemens Sensors (Zelisko): Standardized sensors for measuring current and voltage according to IEC 
60044-7/-8. 

• Conventional Instrument Transformers 

Conventional instrument transformers from TWS could be used. 

• Voltage Detection System 

A capacitive voltage detecting system is proposed with each RMU. An additional voltage indicator 
has been listed as an option; this is the Horstmann WEGA 2.2 device. 

• Fault passage indicators 

Siemens SICAM FCM: SICAM FCM, with low-power sensors according to IEC 60044 is proposed. It 
covers all switchgear types up to 1,250 A as well as grounded, isolated and compensated distribution 
systems. It has low-power sensors and high quality measuring technology; the device delivers 
reliable values with 99 percent accuracy. 

• Substation gateway 
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The SICAM CIMIC is proposed for providing a suitable gateway. It is suitable for electrical distribution 
substations, gas distribution substations, hydropower plants, pipelines, railway power supplies, as 
well as in building protection or for alarm signaling. Ambient conditions often place high demands 
on supply substations. No matter whether they are transformer substations, utilities substations or 
small telecontrol stations – they usually lack heating and air-conditioning systems to guarantee 
adequate ambient conditions. This is exacerbated by restricted space, which requires a very high 
degree of electromagnetic compatibility (EMC). SICAM CMIC claims to handle these challenges. 

 

Figure 58 Conceptual communication schematic 

The device is suitable for broad application in the field, and can be deployed within a temperature 
range from -40 to +70 °C and where strict EMC requirements apply. The inbuilt SICAM CMIC SD 
(Figure 58)memory card has a number of functions. First of all, it provides data for parameterizing 
the device. This means that accurate parameters are always available locally, which omits the need 
to perform complicated loading procedures on the PC. Secondly, exchanging devices for service 
purposes is a simple plug-and-play process, because the configuration is transferred directly to the 
replacement device with the SD memory card. Together with the extensive remote-fault diagnosis 
options, this reduces downtimes to a minimum, from hours to a matter of minutes.  
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Figure 59 Front of the panel for GREEN Grid interconnection box (Siemens 8DJH) 

The complete specification/datasheet for GREEN Grid interconnection box is listed out in Appendix 
A. Quotes for 2 variations of the design is provided, one for rotating DG and another cheaper version 
for inverter-interfaced DG. 

7.5. Testing control, protection and automation using IEC 61850 
For GREEN Grid project protection and automation testing, establishing the testing facilities to 
demonstrate the testing of the various protection and testing schemes as per IEC 61850 standards 
was carried out. This is a key standard followed globally particularly for Substation Automation.   The 
following section refers to the effort completed in 2015 to check out how a traditional transmission 
protection scheme, in this case distance protection, could be enhanced and tested using commercial 
arrangements.  The motivation of this exercise was to make sure that the PSG has the capability to 
actually test GREEN Grid protection and automation schemes for New Zealand Distribution utility in 
future critical steps. This will also provide the reader of this report of how the conceptual schemes 
identified for MV distribution network earlier in this chapter can be actually tested. 

The scheme tested, using IEC 61850 based communication, is the distance scheme. In New Zealand 
this is used typically as back-up protection for High Voltage transmission lines. Communication of the 
relays used for transmission network protection is traditionally through using the pilot wire system. 
Figure 60 below shows the communication between 2 distance protection relays used for the 
protection of transmission line using pilot wire: 
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Figure 60 Example of communication between 2 distance protection relays used for the protection of transmission line 
using pilot wire 

 

Using the relays available in the power system lab (University of Auckland), the IEC 61850 standard 
was used for communication between these relays (Figure 61). Protection data were transmitted 
between the relays through via Generic Object Oriented Substation Events (GOOSE) messaging as 
outlined in IEC 61850-7-4. The test setup in the lab for this purpose is as shown in Figure 40. 

 

Figure 61 IEC 61850 test bench setup at the University of Auckland Power System Laboratory 
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Figure 62 Coordination of protection with tap changing relay in transmission networks using IEC 61850 

 

The observation of the setup as shown in Figure 62 have been recorded and illustrated in the Figure 
64 which shows the test point and protection zones for the distance protection scheme. Figure 63 
shows a graph of the trip times for each zone, from both the standard distance protection scheme 
and the Permissive Overreach Transfer Trip (POTT) distance protection scheme. 

The testing and comparison of the two distance protection schemes has been implemented using 
Schweitzer and Siemens distance protection relays. When a fault was simulated, it was found that 
the tripping times for the POTT distance protection scheme, utilizing IEC GOOSE messaging, was 
between 80 -100% faster than that of the conventional distance protection scheme. 
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Figure 63 Test point and protection zone for the distance protection 

 

  

Figure 64 Tripping time - step protection vs POTT protection using IEC 61850 

 

During a voltage instability scenario, tapping of the transformer on the outgoing load feeder could 
lead to further voltage reduction and ultimately voltage collapse. Due to network restraints, and 
generator limits, the increase in reactive power demand causes the tap changing operation of the 
transformer. An AVR or transformer tapping relay  can be used to control the voltage regulation in 
the outgoing feeder by sending the signal to the transformer tap changer to tap up or down 
depending on the requirement. This functionality can be implemented using IEC 61850 GOOSE 
messaging system. Such a distance protection scheme utilizing IEC 61850 GOOSE messaging was 
implemented in the PSG lab to test the distance protection scheme and test faster and simpler tap 
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locking functionality. The physical test setup is as shown in Figure 65. The left hand panel indicates 
protection panel at remote terminal and right hand panel indicates relays within local substation. 
The Tap changing relay is A –Eberle REG-D AVR relay which is on the bottom of the right hand panel.  
The test showed that the AVR inhibit GOOSE signal was correctly executed during distance 
protection scheme trip testing. 

 

Figure 65 Remote and local panel test setup 

The above section just illustrates that even for well-established transmission protection and control 
functionality scheme testing using IEC 61850, there are several steps involved in terms of 
understanding the right equipment, software and test procedures.   The conceptual GREEN Grid box 
for IES and its potential implementation as described in Section 7.3 could be tested using the same 
approach as described in this section.   Some additional measures like testing the operation of anti-
islanding etc. from IES might need to be factored along with possible IEC 61850 capable inverter 
communication protocols.  

III. KEY LEARNING OUTCOME 
The conceptual design of the GREEN Grid interconnection box has been presented in this chapter. 
Such a design can be used for the protection and automation of large scale IES interconnected to the 
MV network, typically as shown in Figure 66. The Inverter, which must be AS/NZS 4777.2 compliant, 
shall have its own protection settings as recommended in the standard. Such inverters that are fed 
by PV can be connected in clustered configuration and can be interconnected to the MV network via 
a step up transformer. The proposed schematic showing the GREEN Grid interconnection box at the 
HV side of the step up transformer can be implemented. 

The basic back-up protection setting for the GREEN – GRID interconnection box shall be similar to 
the back-up protection settings recommended in Chapter 4 of this report. One of the 11 kV model 
was selected to demonstrate the conformance of the functionality of the GREEN GRID 
interconnection box. The 11 kV networks analyzed in this chapter demonstrates the conformance of 
the protection features of the GREEN –Grid interconnection box to the requirement for 
interconnection of large IES as per the connection guidelines of New Zealand’s 29 distribution 
companies.  
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 Some of the commercially available inverters and their accessories for clustering in large solar farms 
will be capable of communicating with the proposed GREEN Grid interconnection box This GREEN 
Grid interconnection box can in turn communicate with existing distribution control systems/new 
distribution automation systems.   

The IEC 61850 testing procedures carried out and presented in this chapter using a multi-vendor and 
multi-functionality transmission/voltage control scheme clearly illustrates how protection & 
automation schemes for large scale IES, particularly that is IEC 61850 based, can be carried out in 
future. 

 

 

Figure 66 Typical schematic for protection of Large IES connected to MV network 
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Chapter 8 Conclusion and future works 
 

The impact of IES rated greater than 10 kVA on the existing protection schemes of distribution 
network has been presented in this report. The objectives identified in the introductory chapter 
have been addressed in this report through detailed analysis of MV networks.  

Our research and assessment has suggested that additional protection and automation schemes 
are required for connecting IES greater than 10 kVA to both LV as well MV network. These schemes 
are proposed as recommended guidelines for protection in this report.  

The operational issues identified that affect the protection schemes in MV networks like recloser 
coordination with existing protection settings of IES, sympathetic tripping and blinding 
phenomenon, protection setting for the dedicated interconnection transformer, can be addressed in 
the proposed protection & automation schemes which has been illustrated through case studies and 
realistic simulations. The impact of interconnecting IES on the typical compensated medium voltage 
network with fault limiting devices like GFN is also investigated through fault simulation studies and 
no significant impact was observed in the particular CIGRE benchmark network analysed provided 
anti-islanding of the IES operates as designed and coordinated with the upstream protection.  

GREEN Grid interconnection box has been designed specifically for interfacing cluster of inverter 
system to the MV network. The proposed design has capability to interface with distribution 
automation system for conceptual quicker fault location and service restoration schemes. Also the 
fiber to the premise (FTTP) and other communication methods are comprehensively reviewed in this 
report. These have the potential to be interfaced with IEC 61850 compliant GREEN Grid 
interconnection box alongside stand-alone inverters and also future meshed configuration of MV 
feeders to accommodate multiple DG.Fault simulation studies was carried out for various scenarios 
for a real 11kV MV network to conform the performance of the proposed GREEN GRID 
interconnection box.  

A good overview of what will be needed to carry out laboratory testing of IEC 61850 compliant 
Protection and Control IEDs, for IES grid connected MV/LV distribution network, has also been 
illustrated through the testing case study presented in this report.  
 

Future works 
8.1. Impact of IES on demand response and extended reserves and Integration of 

IES in new load management system for CS 2.3.6 
The understanding of NZ AUFLS extended reserves frequency setting values and the protection 
requirements for IES greater than 10 kVA proposed in this report will provide valuable inputs while 
undertaking analysis and testing to deliver work package 2 of CS 2.3.6 objective, particularly while 
assessing the performance of extended reserve due to inverter/PV penetration.  

8.2. Coordinated Voltage control methods  
Work Package 1 of CS 2.3.7 “Coordinated voltage control methods for New Zealand distribution 
following renewable DG at MV, LV and household levels” is aimed at investigating the development 
of efficient voltage control methods, using existing devices, taking into account the possibility of 
using newer monitoring devices and ICT in grid and homes to further improve voltage control 
methods.
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Appendices 

Appendix A: datasheet/specification for GREEN Grid interconnection box 
Detailed Data sheet/specification of the conceptual GREEN GRID interconnection box based on a 
commercial quote generated for the design presented in Chapter 7 of this report. 

DISCLAIMER: Similar GREEN GRID interconnection box can be designed using any manufacturers’ 
devices which have similar functionalities and also compliant with the relevant New Zealand 
standards 

 



83 | P a g e  
 

 



84 | P a g e  
 

 

 
 



85 | P a g e  
 

 

 
 
Estimated Costing for this protection and switchgear solution: NZD 89,232 
 
This design can be used for system having both rotating DG and Inverter interfaced DG.  The out-of-
step and phase-angle measurement unit can be dropped off for economy, if it can be assured that 
the IES system can fully anti-island following on a grid fault.  This will then require upstream 
communication of the IES with the distribution network operator. 
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Appendix B: Comparison of protection schemes for connection of distributed generation 
above 10 kVA followed by distribution utilities in New Zealand. 
 

In this section of the report, the DRG interconnection requirements for all the distribution companies in 
New Zealand is summarized (based on the survey) and presented. 
 

• Vector 

The protection requirement for grid connected DRG in Vector network must comply with following set of 
documents. The following is a summary of Vector's standards that must be met [1, 2, 3]. 

Distribution Code 

Technical Requirements for the Connection of Distributed Generation (DRG) 

The following is a summary of the key industry standards that must be met: 

IEC Standards 

IEC 60255 Electrical Relays 

IEC 60068-2 Environmental Testing 

IEC 61000-4 Electromagnetic Compatibility 

IEEE Standards 

IEEE 519-1992 recommended practices and requirements for harmonic control in electrical power systems 

IEEE 929-2000 recommended practices for utility interface of Photovoltaic (PV) systems  

Electrical Codes of Practice AS/NZS Standards, in particular: 

AS/NZS 3000 - Electrical Installations (known as the Australian/New Zealand Wiring Rules) 

AS 4777 provides standards for connecting inverter-based systems, but is only a useful guideline to installing 
other forms of generation. 

Protection Requirements: Availability of protection 

DRG owner shall ensure that all its equipment is protected and that all elements of the protection, including 
associated inter-tripping, are available at all times. Unavailability of the protection will require the DRG plant 
to be taken out of service. 

DC Functions of Protection Apparatus 



 

 

  

 

All Protection Apparatus functions shall operate down to a level of 80% of the nominal 
DC supply voltage. 

Protection Flagging, Indication and alarms 

All protective devices supplied to satisfy Vector’s requirements shall be equipped with non- 
volatile operation indicators or shall be connected to an event recorder. Such indicating, flagging 
and event recording shall be sufficient to enable the determination, after the fact, of which 
devices caused a particular trip. 

Any failure of the DRG owner’s tripping supplies, Protection Apparatus and circuit breaker trip 
coils shall be alarmed within the DRG owner’s installation and operating procedures put in place 
to ensure that prompt action is taken to remedy such failures. 

Trip Supply Supervision Requirements 

All protection scheme secondary circuits, where loss of supply would result in Protection 

Scheme performance being reduced, shall have Trip Supply Supervision. 

Co-ordination of Protection Settings 

The DRG owner shall ensure that all their Protection Settings co-ordinate with existing Vector 

Protection Settings: 

Network Islanding 

The DRG owner shall not supply power to Vector’s network during any outages of the system. 
The DRG may be operated during such outages to supply the customers own load, only with an 
open tie to Vector’s network. DRG owner that does not operate in parallel with Vector’s 
network is not subject to these requirements. The DRG shall cease to energise the Vector’s 
network within two (2) seconds of the formation of an island. 

Synchronising 

The DRG shall provide and install automatic synchronizing at the generator circuit breakers. 
Check synchronizing shall be provided on all generator circuit breakers and any other circuit 
breakers, unless interlocked, that are capable of connecting DRG plant to Vector’s network. 
Check Synchronising Interlocks shall include a feature such that circuit breaker closure via the 
Check Synchronism Interlock is not possible if the permissive closing contact is closed prior to 
the circuit breaker close signal being generated. In addition, the Check Synchronising Interlock 
shall be installed on all DRG owners’ circuit breakers capable of out-of-synchronism closure, 
unless otherwise interlocked. 

 

 



 

 

  

 

 

 

 

Summary of Protection requirement for distributed generation 

Protection 
requirement 

10 kW or 
less 

11kW to 50 
kW 

51 kW to 
100 kW 

101 kW to 
1000 kW 

501 kW to 
1000 kW 

1001 
kW to 
5 MVA 

Generator 
circuit breaker 

Y Y Y Y Y Y 

Dedicated 
transformer 

 Y Y Y Y Y 

Disconnect 
switch 

Y Y Y Y Y Y 

Over-voltage 
protection 

Y Y Y Y Y Y 

Under-voltage 
protection 

 Y Y Y Y Y 

Over-frequency 
protection 

Y Y Y Y Y Y 

Under-
frequency 
protection 

Y Y Y Y Y Y 

Earth-fault 
protection 

  Y Y Y Y 

Over-current 
Voltage 
restrained 
protection 

    Y Y 

Neutral voltage 
displacement 
protection 

 Y Y Y Y Y 

Synchronisation Y Y Y Y Y Y 

Loss of Mains Y Y Y Y Y Y 

Power factor or 
voltage 
regulation 
equipment 

  Y Y Y Y 

Fault 
interrupting 
devices 

   Y Y Y 

 



 

 

  

 

 

• PowerCo: 
The protection requirement for grid connected DRG in Poweco network must comply with 
following set of documents. The following is a summary of Powerco’s  standards that must 
be met [4,5]: 

Electricity (Safety) Regulations 

Electricity Industry Participation Code 2010 

SM-EI Safety Manual – Electricity Industry (SM-EI) – Parts 1, 2 and 3 inclusive 

NZECP 35 - Power Systems Earthing 

AS/NZS3000:2007 - Electrical Installations (known as the Australian/New Zealand Wiring Rules)  

AS/NZ 4777 - Parts 1, 2 and 3 – Grid Connection of Energy Systems Via Inverters  

AS/NZS 4676 Structural Design Requirements For Utility Services Poles 

PowerCo docs  

100R001 Risk Management Charter 

170S001 Permanent Disconnection Standard 

170S003 Powerco Distributed Generation (DRG) Policy 

Inverters  

Inverters used for micro embedded generation differ from those usually available for consumer 
electronics. Although low cost inverters intended for use in caravans, motor homes or boats are 
readily available, they are not suitable for grid-tied generation applications.  

Inverters labelled as “grid-tied” and conforming to AS4777 shall be used in order for the 
generation system to meet the performance and protection requirements deemed as necessary 
to connect to the Powerco network.  

Grid Protection Devices  

Grid Protection Devices shall be installed to ensure that the inverter is isolated from the 
network in the event of an outage.  

This is an important safety feature preventing the local LV network from being livened at risk to 
personnel after it has been isolated further upstream. Grid protection devices are usually 
incorporated into the inverter and must meet AS4777 Part 3 specifications for anti-islanding and 
reconnection.  



 

 

  

 

 

Powerco’s Minimum requirements are:  

• Auto-isolate on loss of grid supply within 2 seconds.  
• At least 1 method of active anti-islanding protection.  
• Reconnection delay of at least 1 minute after normal grid supply is established.  
• Settings must be password or lock protected.  
•  Total Harmonic Distortion less than 5%.  
• Inverter power factor must be within 0.8 leading and 0.95 lagging.  

• Orion 

The requirements as per the Orion guidelines are extracted and presented here [6,7]. 

Protection 

The distributed generator must be equipped with the appropriate protection elements as 
required by the “EEA Guide for the Connection of Generating Plant”. Distributed generator 
owners must consult us with regard to any special arrangements or protection that may be 
necessary due to the characteristics of our network. The general protection requirements are 
outlined below. 

PROTECTION REQUIREMENT 
10Kw TO 
100KW 

100KW TO 
750KW ABOVE 750 KW 

generator circuit breaker       
dedicated transformer X X   
disconnect switc h       
over voltage requirement       
under voltage requirement       
over frequency requirement       
under frequency requirment       
Earth fault protection X     
Over current voltage restrained 
protection X X   
Neutral voltage displacement 
protection       
synchronisation       
Loss of network supply(see 
islanding notes)       
power factor or voltage 
regulation equipment X     

 

The protection associated with the distributed generator must co-ordinate with the protection 
associated with our network as follows:  



 

 

  

 

(a) In order to keep the impact of faults on our network to a minimum, the distributed 
generation must meet target clearance times agreed between us and the generation owner, for 
fault power flowing from our network. We will ensure that the relevant protection settings are 
compatible with the target clearance times that we specify; 

(b) The settings of any protection which controls a circuit breaker, or the operating parameters 
of any automatic switching device at any network connection point, must be approved by us; 

(c) The distributed generation protection must co-ordinate with any auto re-close settings 
specified by us; and 

(d) Any distributed generator connected to our network may be required to withstand, without 
tripping, the negative phase sequence loading incurred during the clearance of a close-up 
phase-to-phase fault by our network back-up protection and which is within the plant short-
time rating. 

Generator network islanding 

All distributed generation must disconnect from our network when a network outage is 
detected.Generator network islanding occurs when a fault on our network is isolated by 
network switches and the generator continues to supply power to the isolated network. Many 
generators will disconnect and supply a load within their installation during a network outage 
(creating their own island). 

• Wellington Electricity 

The requirements as per the Wellington Electricity guidelines are extracted and presented here 

[8,9]. 

Technical Standards to be met 

The following is a summary of Wellington Electricity’s standards that must be met. 

Distribution Code 

Technical Requirements for the Connection of Distributed Generation (DRG) The following is a 
summary of the key industry standards that must be met: 

IEC Standards 

IEC 60255 Electrical Relays 

IEC 60068-2 Environmental Testing 

IEC 61000-4 Electromagnetic Compatibility 

 



 

 

  

 

IEEE Standards 

IEE 519-1992 Recommended practices and requirements for harmonic control in electrical 
power systems 

IEEE 929-2000 Recommended practices for utility interface of Photovoltaic (PV) systems 

Electrical Codes of Practice 

AS/NZS Standards, in particular: 

AS/NZS 3000 – Electrical Installations 

AS/NZS 3010 - Electrical Installations - Generating Sets 

AS 4777 provides standards for connecting inverter-based systems, but is also a useful 
guideline to installing other forms of generation. 

Technical requirements 

DC Functions of Protection Apparatus 

All Protection Apparatus functions shall operate down to a level of 80% of the nominal 
DC supply voltage. 

Protection Flagging, Indication and alarms 

All protective devices supplied to satisfy Wellington Electricity requirements shall be equipped 
with non-volatile operation indicators or shall be connected to an event recorder. Such 
indicating, flagging and event recording shall be sufficient to enable the determination, after the 
fact, of which devices caused a particular trip. 

Any failure of the DRG owner’s tripping supplies, Protection Apparatus and circuit breaker trip 
coils shall be alarmed within the DRG owners installation and operating procedures put in place 
to ensure that prompt action is taken to remedy such failures. 

Trip Supply Supervision Requirements 

All Protection Scheme secondary circuits, where loss of supply would result in Protection 
Scheme performance being reduced, shall have Trip Supply Supervision. 

Network Islanding 

The DRG owner shall not supply power to Wellington Electricity’s network during any outages of 
the system. The DRG may be operated during such outages to supply the customers own load, 
only with an open tie to Wellington Electricity’s network. 



 

 

  

 

A DRG owner that does not operate in parallel with Wellington Electricity’s network is 
not subject to these requirements. The DRG shall cease to energise the Wellington Electricity 
network within two (2) seconds of the formation of an island. 

Synchronising 

The DRG shall provide and install automatic synchronising at the generator circuit breakers. 
Check synchronising shall be provided on all generator circuit breakers and any other circuit 
breakers, unless interlocked, that are capable of connecting DRG plant to Wellington Electricity’s 
network. Check Synchronising Interlocks shall include a feature such that circuit breaker 
closure via the Check Synchronism Interlock is not possible if the permissive closing contact 
is closed prior to the circuit breaker close signal being generated. In addition, the Check 
Synchronising Interlocks shall be installed on all DRG owners’ circuit breakers capable of out-of- 
synchronism closure, unless otherwise interlocked. Summary of protection requirements: 

PROTECTION 
REQUIREMENT 

10 kW OR 
LESS 

11 TO 
50 KW 

51 TO 
100 kW 

101 TO 
500 kW 

501 TO 
1000 kW 

1001kW 
TO 1 MVA 

generator circuit 
breaker X X X X X X 
dedicated 
transformer X X X X X X 
disconnect switc 
h X X X X X X 
over voltage 
requirement X X X X X X 
under voltage 
requirement X X X X X X 
over frequency 
requirement X X X X X X 
under frequency 
requirment X X X X X X 
Earth fault 
protection X X X X X X 
Over current 
voltage 
restrained 
protection         X X 
Neutral voltage 
displacement 
protection   X X X X X 
synchronisation X X X X X X 
Loss of network 
supply(see 
islanding notes) X X X X X X 
power factor or 
voltage     X X X X 



 

 

  

 

regulation 
equipment 
Fault interrupting 
device       X X X 
 

• Unison Networks 

Distributed generation above 10kW shall comply with the Network connection standard and 
standard for connection of distributed generation[10,11]. Circuit Breaker Protection Settings at 
Point of Connection  

The network operator shall maintain the following settings at the point of connection. 

Factor  33 kV Values  11 kV Values  400/230 V values  

Over-voltage alarm  34.7 kV (1.05 p.u.)  11.6 kV (1.05 p.u.)   

Over-voltage trip  36.3 kV (Inst.)  

35.3 kV (1.07 p.u.) if 
>10 seconds  

12.1 kV (Inst.)  

11.8 kV (1.07 p.u.) if 
>10 seconds  

1.07 p.u.  

Under-voltage Trip  29.7 kV (0.9 p.u.) if 
>30 seconds  

9.9 kV (0.9 p.u.) if 
>30 seconds  

0.9 p.u.  

Directional 
Overcurrent Alarm 
(export)  

To be negotiated  To be negotiated  To be negotiated  

Directional 
Overcurrent Trip 
(export)  

To be negotiated  To be negotiated  To be negotiated  

Protection Configuration  

The producer shall provide a diagram and details of the protection systems, including proposed 
relay settings to Unison who will check these against its own system requirements.  

Automatic Lockout Required  

Unless specifically waived, Unison will require any operation that disconnects the generator 
from its network to remain disconnected or locked out until permission is given from Unison's 
Control Room to permit reconnection.  

Reconnection shall be done following Unison's Operation procedures. There shall be no 
automatic reclosing of the circuit breaker at the point of connection.  

Visual Disconnection Required  



 

 

  

 

In the event of Unison being required to work on its system Unison requires that the point of 
disconnection have a means of providing visible isolation by means of links or an air break 
switch. If connection is underground then an 11kV switch unit with feeder earthing facility is 
acceptable 

Protection Function Requirements  

The following protection requirements are to be provided for the scheme.  

Overcurrent  

Overcurrent protection settings will be subject to negotiation since they have to provide 
protection not only for the generator plant but also for Unison's lines, cables and equipment. 
Overcurrent protection may also have to be set to accommodate any ride-through capabilities 
of the plant. Overcurrent protection will be independently set for both import and export 
situations.  

Overvoltage  

Over-voltage protection shall be provided and shall have the settings given in Table: 1 above. 

Synchronisation  

The circuit breaker at the point of connection is to have a synchronising relay to prevent the 
connection of the generator output onto Unison's network unless the frequency and phase 
angles of the two systems are synchronous.  

Under & Over Frequency  

Under and over frequency protection is to be negotiated for each situation as the requirements 
may vary according to ride-through requirements and the effects it may have on the generator 
and/or Unison's obligations to the System Operator.  

The generator is expected to operate synchronously within the limits of 50Hz ±0.75Hz of the 
Grid Operator. Refer to the section on ride-through requirements for under and over frequency 
tripping limits. 

Neutral Voltage Displacement  

Unison will normally require that the transformer through which generated power is connected 
to its network, or the generator itself if connected directly, have a solidly earthed neutral. This 
will generally mean that the arrangement will be as shown below 

 



 

 

  

 

 

However in some instances it may be of advantage to have resistive earthed neutrals or 
resonant frequency earthing (Petersen coil). These arrangements shall be discussed with 
Unison's Protection Engineer and an appropriate final design agreed.  

The protection relay system shall provide for earth faults to be detected and the disconnection 
of the generator from Unison's network. The time-current relationships are to be mutually 
agreed upon with Unison's protection engineer who shall also be responsible for determining 
the "ride-through" capabilities of the generator. 

Reverse Power  

Reverse power protection considerations are to be negotiated with Unison's Protection 
Engineer for each situation as requirements for this may vary.  

Producer's Obligations for Own Plant  

The generator owner or operator is responsible for all aspects of operation and protection of his 
own plant.  

Flagging & Indication  

Relay flagging and operation indications to be signalled to Unison shall be by mutual negotiation 
with Unison's Operation Manager.  

Voltage Regulation  

Unison's Network Engineers, in conjunction with Unison's Operations Manager shall determine 
the voltage limits to be observed at the point of connection. Normally these will be 5% of 
nominal voltage but may need to be some other limit depending on the circumstances of the 
site.  

The limits shall be observed by the producer who shall provide appropriate controls to ensure 
those limits are observed. Unison shall be given the details of the controls and is required to give 
its approval of the scheme. 

 

Reactive Power  



 

 

  

 

Reactive power flows can significantly affect the behaviour of the Unison network therefore 
Unison will undertake load flow studies to determine the limits that can be tolerated. These 
limits shall be observed by the producer. 

Frequency Variation  

The generator shall be capable of remaining synchronised to the national grid frequency with 
frequency variations of 50Hz ±0.75Hz as part of normal operations 

Islanding and synchronising: Black Starting  

The applicant shall advise Unison whether or not the plant will be capable of black starting or 
will require power input from Unison's network.  

If power input is required then the applicant is to advise Unison on the maximum demand and 
reactive power requirements that will be needed. The applicant and Unison's Planning Engineer 
are to negotiate any factors, such as voltage dip and current requirements that may affect the 
operation of Unison's network.  

 Anti-Islanding  

Should the generating plant become "islanded" through disconnection to a GXP via the 
distribution network then Unison reserves the right to disconnect the plant at the point of 
connection. As a rule Unison will either manually or automatically disconnect the generator 
from its system in the event of islanding.  

Depending on the plant capacity, location and other relevant factors Unison may allow for a 
generator to connect to an islanded load, but this will only be permitted by mutual agreement 
and prior arrangement between the parties. 

• WEL Networks 

The requirements as per the WEL Networks guidelines are extracted and presented here [12]. 
Customer has to comply standards like AS4777.1, AS4777.2, AS4777.3 and AS/NZS3000. 

Protection: 

In general the distributed generator must be equipped with the appropriate protection 
elements as required by the EEA guide for the connection of generating plant. Distributed 
generator owners must consult with WEL with regard to any special arrangements or 
protection that may be necessary due to the characteristics of the network. The technical 
requirement for distributed generation connected to the network via an inverter system must 
meet the requirements of AS4777:2005 part 1-3 and in the future AS/NZS 4777 part 1-2. 

 

• Aurora 



 

 

  

 

The requirements as per the Aurora Energy guidelines are extracted and presented here [13,14]  

Mandatory Protection Requirements 

All DRG installations shall have the following protection. 

External system over and under voltage 

External system over and under frequency 

External system phase unbalance 

Overcurrent 

External system voltage and phase balance shall be monitored immediately adjacent to the 
circuit breaker making the parallel connection to ensure the supplies are healthy at that point. 

Direct Connected LV Generation 

Installations with LV generation that is directly connected to the Aurora LV network will be 
connected via LV HRC fuses rated to carry the capacity of the connection. Anti-islanding 
protection of inverter connected generators shall be in accordance with the requirements of 
AS 4777.3. (2005) 

Generators Connected via Transformers 

The protection required for generation connected via transformers depends on the generation 
category and is detailed below. 

Category 1 - Export Required 

When export of energy onto the Aurora network is required the generation connection is 
required to have either an effective earth reference or provide NVD protection. When an 
effective earth reference is provided, residual current operated earth fault protection shall 
be fitted. Where no effective earth reference is provided then NVD protection shall be 
provided. NVD protection shall only be the back-up method of clearing earth faults on the 
Aurora circuit supplying the DRG installation. The primary method of clearing earth faults shall 
be provided by other means such as inter-tripping. Additional protection may be required at the 
DRG site or at other locations on the Aurora network to maintain the pre-existing standard of 
network reliability and security. 

Category 2 - No export and cannot sustain an island 

In the situation where the DRG is used to supply customer load, is never required to export and 
the minimum load the generator will attempt to pick up if the DRG becomes islanded is twice 
the rating of the generator then the following protection is required: 

Reverse Power 



 

 

  

 

Vector Shift with minimum import control OR 

HV fuse switch inter-trip 

Category 3A - No export, can sustain an island and annual operating hrs <500 

When the DRG is used to supply customer load, is never required to export and the minimum 
load the generator will attempt to pick up if it becomes islanded is less than twice the rating, 
and the generator will operate in parallel with the Aurora network for less than 500 hrs per year 
then the protection required can be the protection specified for either a Category 2 or Category 
3B situation. 

Category 3B - No export, can sustain an island and annual operating hrs >500 

When the DRG is used to supply customer load, is never required to export and the minimum 
load the generator will attempt to pick up if it becomes islanded is less than twice the rating, 
and the generator will operate in parallel with the Aurora network for more than 500 hrs 
per year then the following protection is required: 

Vector Shift Protection 

When utilising vector shift protection, the load change on the generator generally needs to be 
between 10% and 20% of the generator rating to ensure appropriate operation. To ensure this 
load shift will occur, it is normally necessary to operate the generator with a minimum import. 

Reclosing Coordination 

Where the DRG is connected via a circuit subject to auto reclosing it is important that the DRG 
disconnect from the network before a reclose is attempted. An out-of-synchronism reclose can 
cause serious damage to rotating generators and motors. Most Aurora reclosers have a dead 
time setting of three seconds but the exact setting for each location requires confirmation. 
Modern field reclosers normally have a live line blocking facility which can be enabled if DRG is 
supplied from the recloser. This facility shall only be considered as a back-up to anti-islanding 
protection. 

Short Term Paralleling 

At sites where the purpose of the DRG connection is to only allow infrequent transfer of 
load from a generator to the Aurora network then reduced protection requirements can apply 
at the discretion of Aurora but will not be less than the requirements. The paralleling time shall 
be automatically controlled to a maximum of 5 minutes. 

Protection Relay Standards 

All protection relays associated with DRG installations that have voltage and current inputs 
derived from a primary source rated greater than 415 volts shall be distribution quality relays 
compliant with IEC 60255. Protection devices monitoring 230/400 volt primary quantities can be 



 

 

  

 

industrial grade relays or the protection functions can be provided by a micro-processor 
generator controller. 

Trip Circuit Supervision 

Any HV circuit breakers required to disconnect DRG from the Aurora network shall be fitted 
with trip circuit supervision. 

DC Trip Supply 

All protection functions shall operate with a dc voltage down to 80% of the nominal dc voltage. 
If there is a failure of any supplies to protective equipment which will inhibit its correct 
operation the generation shall be automatically disconnected and shutdown or at sites where 
there is competent supervision, initiate an audible or visual alarm. 

• North Power 

[15]Inverters used to connect DC generation equipment to Northpowers network are to comply 
with AS/NZS 4777 Grid Connection of Energy Systems via Inverters. The inverter is to include a 
grid protection or anti islanding device which must prevent power being fed into the network 
during a power outage or shutdown. Photovoltaic or PV arrays which form part of the 
generation system are to comply with AS/NZS 5033 Installation and Safety Requirements for 
Photovoltaic (PV) Arrays. Any AC generation equipment connected to Northpowers network 
must automatically synchronize with the network frequency and include a grid protection 
device. For voltage and frequency protection settings AS/NZS 4777 can be used as a guide or 
manufactures specifications utilised. For sags and surges Northpower uses BS EN 50160:2000 as 
a guideline. Standards used by Northpower as reference: 

 

New Zealand Govt  Electricity (Safety) Regulations 2010  

New Zealand Govt  Electricity Industry Participation Code 2010 Part 6 Connection of 
Distributed Generation  

New Zealand EC  Electricity Commission Governance Rules for Generators Greater 
than 1 MW Part C  

AS/NZS 3000  Electrical Installations (Wiring Rules)  

AS/NZS 3010  Electrical Installations – Generating Sets  

AS/NZS 3100  Approval and Test Specifications  

AS/NZS 4777  Grid Connection of Energy Systems via Inverters  

AS/NZS 5033  Installation and Safety Requirements for Photovoltaic (PV) Arrays  



 

 

  

 

AS/NZS61000.3  Electromagnetic Compatibility (EMC)  

BS EN 50160  Voltage characteristics of electricity supplied by public distribution 
system  

ECP 36  New Zealand Electrical Code of Practice for Harmonic Levels  

 

• Electra 

The requirements for interconnection of DG above 10kW is not available in the Electra’s 
manual (Official Website)  

 

• Counties Power 

No separate guideline is available for interconnection of DG>10kVA for counties power. The 
guidelines in the EEA guide for connection of generating plant shall be used. 

• Network Tasman 

The requirements as per the Network Tasman guidelines are extracted and presented here 

[16]. All distributed generation plant connected to NTL’s distribution network must comply with: 

· AS/NZS 3000 Electrical Installations (known as the Australian/New Zealand Wiring Rules) 

· Network Tasman’s Distribution Code (available www.networktasman.co.nz ) 

· Network Tasman’s DG Connection Conditions  

Co-ordination with Existing Protection 

The Protection associated with embedded generating plant shall coordinate with the 
Protection associated with the Distribution Network as follows: 

For generating plant directly connected to the Distribution Network, the Generator must meet 
the target clearance times for fault current flowing from the Distribution Network, in order to 
reduce to a minimum the impact on the Distribution Network of faults on circuits owned by the 
Generator. 

The settings of any Protection controlling a circuit breaker, or operating values of any automatic 
switching device at any Point of Connection with the Distribution Network, shall be 
approved by Network Tasman; 

It will be necessary for the generating plant Protection to coordinate with any auto- 
reclose settings specified by Network Tasman; 



 

 

  

 

any generating unit or Power Station connected to the Distribution Network will be 
required to withstand, without tripping, the negative phase sequence loading incurred during 
the clearance of a close-up phase-to-phase fault by System Back-up Protection which will be 
within the plant short time rating on the Distribution Network. 

Islanding 

It is conceivable that a part of the Distribution Network to which Embedded Generators are 
connected can, during emergency conditions, become detached from the rest of the System. It 
will be necessary for Network Tasman to decide, dependent on local network conditions, if it is 
desirable for the Embedded Generators to continue to generate onto the islanded System. If no 
facilities exist for the subsequent resynchronisation with the rest of the Distribution Network 
the Embedded Generator will, under Network Tasman's instruction, ensure that the generating 
plant is disconnected for resynchronisation. 

Under emergency conditions, there is an expectation that some generation will continue to 
operate outside the statutory frequency limits. However, for Embedded Generators connected 
to the Distribution Network at a voltage level less than 33kV, it is likely that this could mean 
connection within an automatic low frequency load disconnection zone. Consequently, 
Embedded Generators should ensure that all Protection on generating plant should have 
settings to co-ordinate with those on the automatic low frequency load shedding equipment. 

Adequate Protection 

As a condition of connection to NTL’s distribution network the distributed generator must put in 
place and continuously maintain adequate protection systems. For most systems these will 
normally include: 

Disconnection/isolation switch 

Generation circuit breaker 

Over/under voltage protection 

Over/under frequency protection 

Earth fault protection 

Mains loss protection and protection for auto recloser operation 

Synchronisation of system with the distribution network 

Neutral Voltage displacement protection 

All generators must: 

Automatically and fully isolate itself from the network in the event of an outage and 

Not reconnect to the network until such time as the network is fully back to normal function. 



 

 

  

 

• Power Net (The Power Company, Electricity Inver Cargill, Otagonet JV) 

PowerNet follows the protection requirements as outlined in New Zealand Electricity Industry 
Participation Code 2010  

• Main Power 

The Main Power follows the protection requirements as outlined in New Zealand Electricity 
Industry Participation Code 2010 

• Alpine Energy 

The requirements as per the Alpine Energy guidelines are extracted and presented here [17]. 

 

Technical Requirements 

Regardless of the type of generator customer selects, customer will need to comply with 
the following standards: 

AS 4777.1 – Grid connection of energy systems via inverters – installation requirements. 

AS 4777.2 – Grid connection of energy systems via inverters – inverter requirements. 

AS 4777.3 – Grid connection of energy systems via inverters – grid protection requirements.  

AS/NZS 3000 – Electrical installations (known as the Australian/New Zealand Wiring Rules) 

The AS 4777.1 to AS 4777.3 standards apply to distributed generation systems that are 
connected to an electricity network via inverters. They focus primarily on solar panel systems, 
but they can also be applied to other generator types. If customers are contemplating a non- 
inverter system then customer will still need to comply with the parts of these standards that 
are applicable. 

All synchronous generators exceeding 30kW and not subject to dispatch must also comply with 
the current revision of the EEA Guidelines document “Connection of Generation”. The generator 
must not interfere with AEL’s network switching operations or ripple control of protection 
signalling. 

Protection 

The EEA Guide specifies protection requirements. The level of protection and the associated 
requirements to integrate with the network’s protection equipment (e.g. rural auto reclosers) 
will have to be approved by AEL prior to initial connection of the generator. 

For directly connected (non-inverter) generators of any size, Alpine Energy will require the 
following: 



 

 

  

 

A generator circuit breaker 

Over and under voltage protection 

Over and under frequency protection 

Earth fault protection 

Neutral voltage displacement 

All generators must have means of synchronisation. For all generators above 200kW and for 
smaller generators in some locations, voltage regulation or power factor control will be 
required. 

Unless a specific agreement to the contrary between the parties is reached, all generators must 
disconnect themselves automatically from the network upon loss of supply. Reconnection will 
not be allowed without the prior approval of AEL. Also there must be a readily accessible means 
of isolation for the generator which is to be equipped with a lockable isolator switch. 

• Top Energy 

Distributed Generation should comply with the following technical standards: 

NZS 3000 2007 Au/NZ wiring  

AS4777 parts 1,2&3 grid connection of energy systems via inverters 

UL1741 standard for safety of inverters, controllers and interconnection system 

Top Energy follows follows the protection requirements as  outlined in New Zealand Electricity 
Industry Participation Code 2010 

• Eastland network 

Eastland network follows the protection requirements as outlined in New Zealand Electricity 
Industry Participation Code 2010 

Technical Requirements 

Distributed generation must comply with the following technical requirements: 

AS 4777.1 2002 

AS 4777.3 2002 

AS/NZS 3000 

For a generator connected through an inverter, the inverter must comply with the 
following additional requirements: AS 4777.2 2002 



 

 

  

 

The inverter must be approved by ENL, to ensure compatibility with the ENL network. 

Operational Requirements 

In addition to the general requirements contained in ENL’s Connection Standard, 
distributed generation must comply with the following operational requirements: 

Unless the generation is specifically designed to supply the distribution network, as an 
isolated network, and has been approved as such by ENL, the generation installation must 
include a switch or circuit breaker that disconnects and locks out (requiring a manual 
action to reset) if the mains voltage varies by more than 3% from the standard operating 
voltage, or if the mains frequency varies from 50Hz by more than 0.5Hz for more than 2 
seconds. This is to ensure that the distribution network is not back-livened from the generation. 

 

• Horizon Energy 

Specific requirements are not given. Horizon Energy follows the protection requirements as 
outlined in New Zealand Electricity Industry Participation Code 2010. 

• Marlborough lines 

Marlborough lines follows the protection requirements as outlined in New Zealand 
Electricity Industry Participation Code 2010. 

• The Lines Company 

The requirements as per The Lines Company guidelines are extracted and presented here [18]. 

Operating Parameters 

When operating the generator has an obligation to ensure the generation plant is able to: 

Have the power switched off and turned back on (auto reclosed) without damaging itself, 
embedded appliances and other customers’ equipment. 

Isolate itself and shut down when the supply is removed.  

Not produce voltages outside the regulation limits particularly during light load times at the 
point of connection. 

Not produce harmonics that exceed harmonic codes. 

Not self-excite if isolated or started without supply. 

Not have magnetising in rush currents that affects other customers or equipment. 
(Asynchronous generators can have in rush currents in the order of 7 times full load current) 



 

 

  

 

Inhibit parallel operation unless all phases are available and within normal limits. 

Disconnect from the supply in the event of unacceptable deviations of voltage or frequency. 

Not cause interference with network protection or cause circulating currents by the way star 
points are connected. 

Not cause variations in voltage that cannot be tracked by regulators. 

Not cause network tap changers to operate at an excessive rate (30 tap changes per day 
would be considered normal) 

Not cause momentary fluctuations that cause interference with other customers’ equipment 
and the power system. 

Not cause fault current levels which exceed network equipment ratings. 

Not cause any adverse network effects during fault ride through events. 

Protection 

To protect against the issues outlined above, the minimum protection to be provided 
shall include: 

Loss of external supply. 

External system over voltage. 

External system under voltage and phase balance/loss of phase. 

External system over and under frequency. 

Overcurrent. 

The recommend settings for this equipment are detailed below. 

 

Inverter Systems 

Protection settings shall be as per AS/NZS 4777. 

• Waipa Networks 



 

 

  

 

The requirements as per Waipa Networks guidelines are extracted and presented here[19] 

Compliance with Regulations 

DRG owner must ensure that the generation scheme will be installed to comply with the 
technical and Safety requirements as set out in the following Standards; Refer to Standards, 
AS4777.1, AS 4777.2, AS 4777.3 and AS/NZS 3000 

Operation 

When operating the generator has an obligation to ensure the generation plant is able to: 

Have the power switched off and turned back on (auto reclosed) without damaging itself, 
embedded appliances and other customer’s equipment. 

Isolate itself and shut down when the supply is removed. 

Not produce voltages outside the regulation limits particularly during light load times at the 
point of connection. 

Not produce harmonics that exceed harmonic codes. 

Not self excite if isolated or started without supply 

Not have magnetising in rush currents that affects other customers or equipment. 

Inhibit parallel operation unless all phases are available and within normal limits.  

Disconnect from the supply in the event of unacceptable deviations of voltage or frequency. 

Not cause interference with network protection or cause circulating currents by the way star 
points are connected. 

Not cause variations in voltage that cannot be tracked by regulators. 

Not cause network tap changers to operate at an excessive rate. 

Not cause fault current levels which exceed network equipment ratings. 

Not cause any adverse network effects during fault ride through events. 

Protection 

To protect against the issues outlined above, the minimum protection to be provided 
shall include: 

Over Current 

Earth fault 

Auto reclosing 



 

 

  

 

Loss of external supply 

External system over voltage 

External system under voltage and phase balance/loss of phase 

External system over and under frequency 

• Electricity Ash burton 

The requirements as per Electricity Ash burton guidelines are extracted and presented here [20]. 

Protection 

The Distributed Generator shall be equipped with the appropriate protection elements as 
required by the “EEA Guide for the Connection of Generating Plant”. Distributed Generator 
owners are to consult  EA Networks with regard to any special arrangements or protection 
that may be necessary due to the characteristics of the Distribution Network 

The protection associated with a Distributed Generator shall co-ordinate with the protection 
associated with the Distribution Network as follows:  

(a) In order to reduce to a minimum the impact of faults on the Distribution Network, the 
generator must meet target clearance times, that are agreed between EA Networks and the 
generator, for fault power flowing from the Distribution Network, EA Networks will ensure that 
the relevant protection settings are compatible with the target clearance times that are 
specified by EA Networks;  

(b) The settings of any protection which controls a circuit breaker, or the operating parameters 
of any automatic switching device at any Network Connection Point, shall be approved by EA 
Networks;  

(c) It will be necessary for the Distributed Generator protection to co-ordinate with any auto 
re-close settings specified by EA Networks, and;  

(d) Any Distributed Generator connected to the Distribution Network may be required to 
withstand, without tripping, the negative phase sequence loading incurred during the 
clearance of a close-up phase-to-phase fault by Distribution Network back-up protection and 
which is within the plant short time rating.  

The part of the Distribution Network to which a Distributed Generator is connected, may 
inadvertently, or during emergency conditions, become detached from the rest of the 
Distribution Network, creating an "island". EA Networks will decide based on the local 
Distribution Network conditions, whether islanding is a credible possibility, and whether it is 
desirable for the Distributed Generator to continue to generate while connected to the 
islanded section of the Distribution Network. EA Networks would generally require that the 
Distributed Generator disconnect from the Distribution Network upon the detection of 
islanding.  



 

 

  

 

If no facilities exist for the subsequent re-synchronisation with the rest of the Distribution 
Network, the Distributed Generator owner will, under EA Networks’ control, disconnect the 
Distributed Generator prior to reconnection of the island to the rest of the Distribution 
Network and the subsequent re-synchronisation of the Distributed Generator.  

Where EA Networks determines that islanding is a credible possibility and that the Distributed 
Generator is to disconnect upon detection, EA Networks will require that the Distributed 
Generator always export more reactive power than any credible islanded load can absorb. The 
Distributed Generator owner is to install equipment that is capable of detecting the resulting 
reduction in reactive power export/increase in voltage which would be caused by islanding and 
disconnect the Generator from the Distribution Network.  

Under emergency conditions, some Distributed Generators may continue to operate outside 
the statutory frequency limits. Where Distributed Generators are connected to the Distribution 
Network at a Voltage level of 22kV or less, it is possible that there could be automatic low 
frequency load disconnection equipment within the load. Consequently, Distributed Generator 
owners should ensure that all protection on their Distributed Generator’s has settings to co-
ordinate with those on the automatic low frequency load shedding equipment. EA Networks 
will provide information on this equipment on request  

• West Power 

The requirements as per West Power guidelines are extracted and presented here [21]. 

Protection 

The protection associated with a distributed generator shall co-ordinate with the protection 
associated with the distribution network as follows: 

In order to reduce to a minimum the impact of faults on the Distribution Network, the 
generator must meet target clearance times that are agreed between West Power Networks 
and the generator, for fault power flowing from the Distribution Network. 

The settings of any protection which controls a circuit breaker, or the operating parameters of 
any automatic switching device at any Network Connection Point, shall be approved by West 
power; 

It will be necessary for the Distributed Generator protection to co-ordinate with any auto 
reclose settings specified by West power, and; 

Any Distributed Generator connected to the Distribution Network may be required to 
withstand, without tripping, the negative phase sequence loading incurred during the clearance 
of a close-up phase-to-phase fault. 

Islanding 



 

 

  

 

Westpower would generally require that the distributed generator disconnect from the 
distribution network upon the detection of islanding. If no facilities exist for the subsequent re- 
synchronisation with the rest of the distribution network, the distributed generator owner will, 
under West power’s control, disconnect the distributed generator prior to reconnection of 
the island to the rest of the distribution network and the subsequent re-synchronisation of the 
distributed generator. 

Where Westpower determines that islanding is a credible possibility and that the distributed 
generator is to disconnect upon detection, Westpower will require that the distributed 
generator always export more reactive power than any credible islanded load can absorb. The 
distributed generator owner is to install equipment that is capable of detecting the resulting 
reduction in reactive power export/increase in voltage which would be caused by islanding 
and disconnect the generator from the distribution network. 

Where distributed generators are connected to the distribution network at a voltage level 
of 11kV or less, it is possible that there could be automatic low frequency load disconnection 
equipment within the load. Consequently, distributed generator owners should ensure that 
all protection on their distributed generator has settings to co-ordinate with those on the 
automatic low frequency load shedding equipment. 

• Network Waitaki 

The requirements as per Network Waitaki guidelines are extracted and presented here[22]. 

Safety requirements 

The generation system could pose a serious safety hazard if it continued to export energy into 
distribution network during an outage. This would compromise the safety measures 
implemented by anyone working on the network and may also damage the equipment. All 
wiring associated with the system must be undertaken by a registered electrician comply with 
the following safety requirements. 

The specific requirements contained in the Electricity (Safety) regulations 2010 

AS/NZS 3000 Wiring Rules. 

Electricity Governance (connection of distributed generation regulations) 2007. 

EEA Draft Guide for the Connection of Generating Plant. 

The general requirements contained in the Health & Safety in Employment Act 1992. 

Systems manufactured to AS4777.2 and with protection systems installed as per AS4777.3 will 
provide suitable isolation. 

 

The Operational requirements 



 

 

  

 

The generation must include a switch or circuit breaker that disconnects and locks out if mains 
voltage is lost on distribution network or if the mains frequency dips below 49.5Hz for more 
than 2 seconds. This is to ensure that distribution network is not back-livened from the 
generation. 

In areas protected by auto-reclosing devices the generator must not restart during the reclosing 
sequence. This will require an auto-restart delay of 1 minute following restoration of mains 
voltage. 

Protection Co-ordination  

The protection associated with embedded generating plant shall co-ordinate with the protection 
associated with the NWL distribution system as follows:  

For generating plant directly connected to the NWL distribution system, the generator must 
meet the target clearance times for fault current interchange with the NWL distribution system 
in order to reduce to a minimum the impact on the NWL distribution system of faults on circuits 
owned by generators. NWL will ensure that the NWL protection settings meet its own target 
clearance times. The target clearance times are measured from fault current inception to arc-
extinction, and will be specified by NWL to meet the requirements of the relevant part of the 
distribution system.  

The setting or operating limits of any protection controlling a circuit breaker, or operating values 
of any automatic switching device at any point of connection with the NWL distribution system, 
shall be agreed between NWL and the consumer, in writing, during the connection approval 
process. The protection settings or operating values shall not be changed without the express 
agreement of NWL.  

The Generator shall provide automatic isolation and non-reconnection for “no network voltage” 
within a maximum time of two (2) seconds. NWL may specify a faster disconnection time to not 
less than one second as determined by NWL Asset Management, on a case-by-case basis.  

Auto-reclosing or auto-resynchronising by the generator plants protection and control system is 
not permitted until after at least after two (2) minutes of continuous NWL network re-
energisation.  

Inverter based generators must meet UL1741, IEC61727 or AS4777 Pt 3, protection 
requirements. Where these standards require more conservative parameters, then the 
provisions of NWL’s standard shall apply.  

Supply to Islanded part of NWL’s Network  

It is conceivable that a part of the NWL distribution system to which embedded generators are 
connected can, during emergency conditions, become detached from the rest of the system. 
Following this situation occurring, the generating units must automatically disconnect from the 
NWL Network within two (2) seconds. 



 

 

  

 

• Nelson Electricity 

The requirements as per Nelson Electricity guidelines are extracted and presented here [23]. 

Technical standards and guidelines 

All distributed generation plant connected to NEL’s distribution network must comply with: 

AS/NZS 3000 Electrical Installations 

Nelson Electricity’s Network Code 

Nelson Electricity’s DRG Connection Conditions 

Generation installations must also comply with the following technical standards where 
relevant: 

AS 4777.1 Grid connection of energy systems via inverters – Installation requirements. 

AS 4777.2 Grid connection of energy systems via inverters – Inverter requirements. 

AS 4777.3 Grid connection of energy systems via inverters – Grid protection requirements. 

It is strongly recommended that all generation installations comply with requirements of EEA 
New Zealand “Guide for Connection of Generating Plant”. 

Adequate Protection 

As a condition of connection to NEL’s distribution network the distributed generator must put 
in place and continuously maintain adequate protection systems. For most systems these will 
normally include: 

Disconnection/isolation switch 

Generation circuit breaker 

Over/under voltage protection 

Over/under frequency protection 

Earth fault protection 

Mains loss protection and protection for auto recloser operation 

Synchronisation of system with the distribution network 

Neutral voltage displacement protection 

Safety 

Safety is fundamentally important; all generators must: 



 

 

  

 

Automatically and fully isolate itself from the network in the event of an outage, and 

Not reconnect to the network until such time as the network is fully back to normal function. 

Protection 

The User's arrangements for protection, including types of equipment and Protection 
settings, must be compatible with Nelson Electricity Ltd Network Standards. In particular: 

Maximum clearance times must be within the limits established by Nelson Electricity Ltd in 
accordance with Protection rating and equipment short circuit rating; 

In connecting to the Distribution Network, the User should be aware that autoreclosing or 
sequential switching features may be in use on the Distribution Network. Nelson Electricity Ltd 
will, on request, provide details of auto-reclosing or sequential switching features in order that 
the User may take this into account in the design of the User's System, including Protection 
arrangements; 

The User should be aware that the Protection arrangements on the Distribution Network may 
cause disconnection of one phase only of a three phase supply for certain types of faults. 

Embedded Network Operators are liable for damage and consequential losses within the 
Embedded Network and on Nelson Electricity Ltd‟s network for interruptions caused through 
use of fuse Protection rather than earth leakage circuit breakers. 

Co-ordination with Existing Protection 

The Protection associated with embedded generating plant shall co-ordinate with the 
Protection associated with the Distribution Network as follows: 

For generating plant directly connected to the Distribution Network, the Generator must meet 
the target clearance times for fault current flowing from the Distribution Network, in order to 
reduce to a minimum the impact on the Distribution Network of faults on circuits owned by the 
Generator. Nelson Electricity Ltd will ensure that the Protection settingsmeet its own target 
clearance times. The target clearance times are specified by Nelson Electricity Ltd; 

The settings of any Protection controlling a circuit breaker, or operating values of any 
automatic switching device at any Point of Connection with the Distribution Network, shall 
be approved by Nelson Electricity Ltd 

It will be necessary for the generating plant Protection to co-ordinate with any autoreclose 
settings specified by Nelson Electricity Ltd; 

Any generating unit or Power Station connected to the Distribution Network will be 
required to withstand, without tripping, the negative phase sequence loading incurred during 
the clearance of a close-up phase-to-phase fault by System Backup Protection which will be 
within the plant short time rating on the Distribution Network. 



 

 

  

 

Islanding 

It is conceivable that a part of the Distribution Network to which Embedded Generators are 
connected can, during emergency conditions, become detached from the rest of the System. It 
will be necessary for Nelson Electricity Ltd to decide, dependent on local network conditions, if 
it is desirable for the Embedded Generators to continue to generate onto the islanded System. 
If no facilities exist for the subsequent resynchronisation with the rest of the Distribution 
Network the Embedded Generator will, under Nelson Electricity Ltd's instruction, ensure that 
the generating plant is disconnected for resynchronisation. 

Under emergency conditions, there is an expectation that some generation will continue to 
operate outside the statutory frequency limits. However, for Embedded Generators connected 
to the Distribution Network at a voltage level less than 33kV, it is likely that this could mean 
connection within an automatic low frequency load disconnection zone. Consequently, 
Embedded Generators should ensure that all Protection on generating plant should have 
settings to co-ordinate with those on the automatic low frequency load shedding equipment. 

• Central Lines 

Detailed information is not available. 

It is mentioned that Centralines manage Distributed Generation (DRG) connections in 
accordance with the Electricity Industry Participation Code 2010, Part 6 (the Code). 

• Scan Power 

The requirements as per Scan Power guidelines are extracted and presented here [24]. 

DRG Owner must ensure that the generator system fully complies with the following standards:  

AS 4777.1 Grid connection of energy systems via inverters – installation requirements.  

AS 4777.2 Grid connection of energy systems via inverters – inverter requirements. 

AS 4777.3 Grid connection of energy systems via inverters – grid protection requirements. 

The above standards apply to distributed generation systems that are connected to an electricity 
network via inverters. While they primarily focus on solar panel systems, they can also 
be applied to other generator types. 

Protection 

The EEA Guide for the Connection of Generating Plant specifies the appropriate protection 
requirements. The level of protection and the associated requirements to integrate with 
distribution network’s protection equipment (eg rural auto reclosers) will have to be approved 
by Scanpower prior to initial connection. 

 

http://www.ea.govt.nz/code-and-compliance/the-code/part-6-connection-of-distributed-generation/


 

 

  

 

Generator network islanding 

All distributed generation must disconnect from distribution network when a network outage is 
detected. Reconnection will not be allowed without the prior approval of Scanpower. 

Generator network islanding occurs when a fault on distribution network is isolated by network 
switches and the generator continues to supply power to the isolated network. Many 
generators will disconnect and supply a load within their installation during a network outage 
(creating their own island). If an attempt is made to re-liven the local network without 
synchronising on the distribution generation then substantial damage can occur to the network 
and to the customer’s equipment. 

DG Integration 

All elements of the protection scheme are coordinated for both overcurrent and earth fault for 
both fault level and time discrimination. The connected distributed generation intended to 
supply Scanpower’s network will need to provide protection coordination details. These will be 
highly dependent on where in the network the generation is connected and how its presence 
alters fault levels. 

Safetey 

DG must include the following safety features: 

It must not attempt to re-connect during our re-closing sequence. 

It must delay any attempt to re-connect until at least 1 minute after mains voltage has been re--
established. 

Any provision for over-speed control of rotating plant, or dumping of primary energy during a 
generation trip is responsibility of the consumer. 

• Buller Electricity 

The requirements as per Buller electricity guidelines are extracted and presented here [25]. 

The generation system must conform to the Standards Electrical Code of Practice AS/NZS 3000 

Electrical Installations (known as the Australian/New Zealand Wiring Rules). If distributed 
generation system uses an inverter to connect to the grid then it must conform to the relevant 
technical standards including: 

AS 4777.1 Grid connection of energy systems via inverters – Installation requirements 

AS 4777.2 Grid connection of energy systems via inverters – Inverter requirements 

AS 4777.3 Grid connection of energy systems via inverters – Grid protection requirements 

 



 

 

  

 

Protection 

For Consumers supplied via LV fuse the connection capacity is generally determined by the 
protection rating of the service fuse. If the Consumer’s load exceeds the protection rating, 
protection operation can result.  

For Consumers supplied at LV via direct connection to the LV terminals of a transformer, the 
nominal capacity of the connection is the transformer rating or the protection rating on the 
Consumers’ main switchboard. Transformers have some overload capacity and Consumers are 
permitted to utilise this subject to the following conditions: -  

• The Consumer’s installation shall have suitable protection devices capable of isolating 
the Installation from the network.  

• Where the incoming circuit breaker is owned by the Consumer and it is used as to limit 
over-currents, then the circuit breaker’s protection relay/relays shall be limited to the 
maximum line current allowed by the Consumers Price Category or Tariff Option. The 
current adjusting mechanisms of aforementioned relays shall be sealed to prevent any 
adjustment of these settings unless the prior approval of Buller Electricity Ltd has been 
obtained.  

• The Consumer’s Service Main and main switch must be rated to carry the overload.  
• The loading on the transformer shall not exceed the appropriate values for normal cyclic 

duty defined in British Standard Code of Practice CP1010 “Loading Guide for Oil-
Immersed Transformers”, or IEC 354 “Loading guide for oil-immersed power 
transformers”,  as appropriate.  

High Voltage Network Protection  

For Consumers supplied via HV fuses the connection capacity shall comply with the 
requirements of Buller Electricity Ltd’s Network Fuse Protection Standard 393S024.  

Protection Discrimination  

In order to ensure satisfactory operation of Buller Electricity Ltd’s and the Consumer’s 
protection systems, operating times, discrimination, and sensitivity at the point of supply shall 
be agreed between Buller Electricity Ltd and the Consumer. These settings may be reviewed by 
Buller Electricity Ltd from time to time. 
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