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The integration of electricity generating sets into existing electrical installations is a complex engineering task that
demands strict adherence to safety standards to prevent electrical shock, fire, and equipment damage. In Australia
and New Zealand, the primary document governing these requirements is AS/NZS 3010:2017, titled Electrical
installations—Generating sets. This standard, which superseded the 2005 version, provides a robust framework for
the safe connection and operation of generators, whether they are intended for permanent standby use, portable
applications, or parallel operation with the grid.

Understanding the nuances of AS/NZS 3010 is essential for electrical contractors, design engineers, and facility
managers. The standard works in conjunction with AS/NZS 3000 (the Wiring Rules) and the Electricity (Safety)
Regulations 2010to ensure that any power source added to a system does not compromise the protective
measures already in place, such as earthing systems and residual current devices (RCDs).

The Evolution of AS/NZS 3010: From 2005 to 2017 and Beyond

The transition from AS/NZS 3010:2005 to the 2017 edition marked a significant shift in how technical requirements
are presented and enforced. The 2017 version, including its Amendment 1:2020, addresses modern technological
advancements in internal combustion engines and electronic control systems. While the 2005 version laid the
groundwork, the current standard provides clearer guidance on neutral switching and the connection of small-scale
inverter-based generators.

Core Scope and Application

AS/NZS 3010 applies to electricity generating sets driven by internal combustion engines used for the supply of
electrical installations at voltages normally exceeding 50 V a.c. or 120 V d.c. This includes:

« Permanent standby generators for commercial buildings and hospitals.

e Portable generators used on construction sites or for domestic backup.

« Mobile generating sets used in events or temporary installations.

* Generating sets capable of parallel operation with the electricity distribution network (grid).

It specifically excludes small portable generators that are not intended to be connected to a fixed electrical
installation, which are instead covered by AS/NZS 3760 for in-service safety inspection and testing.

Technical Analysis of Generating Set Topologies

The standard categorizes installations based on how the generator interacts with the main supply and the earthing
system. Choosing the correct topology is critical for ensuring that protective devices function correctly during a fault.

1. Isolated Supply (Stand-alone)

In an isolated system, the generator is the sole source of power. These systems are common in remote areas or
during total grid failures where the installation is physically disconnected from the network. The technical challenge
here is establishing a reliable Multiple Earthed Neutral (MEN)Ilink within the generator or at the main switchboard
to ensure a low-impedance path for fault currents.



2. Standby Supply with Changeover Switching

This is the most common configuration for commercial buildings. A transfer switch(manual or automatic) ensures
that the load is connected to either the mains or the generator, but never both simultaneously. AS/NZS 3010
specifies that these switches must be of the "break-before-make" type to prevent back-feeding power into the utility
grid, which poses a lethal risk to network technicians.

3. Mains Parallel Operation

Parallel generation systems are governed by both AS/NZS 3010 and AS 4777.1. These systems allow the
generator to run in synchronization with the grid. This requires sophisticated protection relays to detect grid failures
(anti-islanding) and manage reactive power flow. The standard mandates that parallel sets must not cause the
installation's fault level to exceed the rated capacity of the existing switchgear.

Neutral Switching and Earthing Mechanics

One of the most technically scrutinized aspects of AS/NZS 3010 is the treatment of the neutral conductor. The
2017 standard provides detailed diagrams, most notably Figure 2.3, which illustrates the connection of a
generating set where the neutral is switched at the switchboard.

The Neutral-Earth Link Dilemma

In a standard Australian/New Zealand MEN system, the neutral and earth are bonded at the main switchboard.
When a generator is introduced, there is a risk of creating multiple neutral-earth links, which can lead to:

¢ Nuisance Tripping of RCDs: Current may return via the earth path instead of the neutral, causing a perceived
imbalance.

 Stray Currents: Neutral currents flowing through the building structure or metallic pipes.

« Failure of Protective Devices: A fault may not draw enough current to trip a circuit breaker if the earth return
path is compromised.

AS/NZS 3010:2017 clarifies that if the generator is a separately derived source, the neutral of the generator
supply may be switched. However, the standard also notes that switching the neutral is not always mandatory,
provided that the integrity of the MEN link is maintained and no parallel paths are created that bypass RCDs.



Feature

Transfer Switch

MEN Link

RCD Protection

Isolation

Earthing Electrode

Requirement (AS/NZS 3010:2017)

Must be 3-pole or 4-pole (if switching
neutral).

Must exist at only one point for the
active source.

Mandatory for socket-outlets up to
32A.

Visible break or lockable isolator
required.

Minimum 1.2m depth or as per AS/
NZS 3000.

Implementation Note

Mechanical interlocking is mandatory.

Crucial for fault loop impedance.

Must be Type A or Type B depending

on load.

Safety for downstream maintenance.

Ensures equipotential bonding.

Detailed Comparison: AS/NZS 3010:2005 vs. AS/NZS 3010:2017

To understand why installations must be upgraded or designed to the latest standard, it is helpful to compare the

two iterations.



Metric

Neutral Switching

Inverter-Based Sets

Signage

Portable Generators

Testing

AS/NZS 3010:2005

Less descriptive; often led to varying

interpretations.

Briefly mentioned.

Basic warning labels required.

Treated similarly to fixed sets.

Focus on continuity and insulation.

ASINZS 3010:2017 (inc. Amd 1)

Highly detailed diagrams (e.qg., Fig
2.3) for various scenarios.

Extensive coverage aligned with AS
4777.

Comprehensive requirements for
labeling at all switchboards.

Distinct requirements for portable sets
used as standby.

Increased focus on Earth Fault Loop
Impedance (EFLI) testing.

Operational Procedures: Step-by-Step Installation Guide

Installing a generating set requires a systematic approach to ensure compliance with AS/NZS 3010. Below is a

professional workflow for a standby generator installation.

Step 1: Assessment of Load and Capacity

Determine the maximum demand of the circuits to be powered. The generator must be capable of handling the
starting currents (inrush) of motors and air conditioning units, which can be 5 to 7 times their running current. AS/
NZS 3010 requires the generator to have sufficient capacity to maintain voltage and frequency within limits during

step-loading.

Step 2: Selection of Transfer Equipment

Choose between a manual transfer switch (MTS) or an automatic transfer switch (ATS). The ATS must be designed
to prevent simultaneous connection to both the mains and the generator. This is typically achieved through
mechanical and electrical interlocking.

Step 3: Earthing and Bonding

The generator frame must be bonded to the installation's earthing system. If the generator is located a significant
distance from the main switchboard, a local earth electrode may be required to maintain equipotential bonding.
Check the generator's internal wiring; many portable generators come with an internal neutral-earth bond that

must be removed if connected to an MEN installation where the bond exists at the switchboard.

Step 4. Overcurrent and RCD Protection

Protection must be provided at the generator end to protect the cable between the generator and the switchboard.
Furthermore, any circuits supplied by the generator must meet the RCD requirements of AS/NZS 3000. In 2017,
the requirements for RCDs on generators were tightened to ensure they operate correctly even when the

generator's fault current is limited by its internal impedance.

Step 5: Signage and Documentation

AS/NZS 3010 mandates that a permanent, legible sign be placed at the main switchboard and the generator itself.
The sign must indicate the presence of a second power source and provide instructions for isolation. A circuit

diagram should be available on-site for emergency responders.



Mathematical Modeling of Fault Currents in Generating Sets

Unlike the utility grid, which is often treated as an infinite bus, a generator has a significant internal impedance (sub-
transient reactance, X"d). This limits the amount of fault current the generator can produce.

The fault current (If) can be calculated using the formula:
I<sub>f</sub> =V / (Z<sub>gen</sub> + Z<sub>cable</sub> + Z<sub>fault</sub>)
Where:

¢ Vis the phase voltage.

e Zgen is the generator's internal impedance.

e Zcable is the impedance of the supply conductors.
e Zfault is the impedance of the fault itself.

Because the generator's fault current is low, traditional circuit breakers may not trip fast enough (within the required
0.4 seconds for 230V systems). This is why AS/NZS 3010 emphasizes the use of RCDs and electronic trip units
that can be adjusted to sensitive fault levels.

Troubleshooting Common Implementation Challenges

Even with strict adherence to AS/NZS 3010, technical issues can arise during commissioning or operation.

1. Harmonic Distortion and UPS Systems

Many modern buildings use Uninterruptible Power Supplies (UPS). When running on a generator, the voltage
waveform can become distorted due to the generator's higher impedance compared to the grid. This can cause the
UPS to refuse to synchronize or "hunt" between battery and generator power. Solution:Use generators with high-
quality Automatic Voltage Regulators (AVR) and ensure the generator is sized at least 2x the UPS rating.

2. Nuisance Tripping on Changeover

During the transition from mains to generator, RCDs may trip. This is often caused by a slight delay in the switching

of the neutral conductor relative to the phases, or by residual magnetism in large motors causing transient currents.

Solution:Ensure the transfer switch has a "center-off" position with adequate delay (overlapping neutral switching
is generally avoided in simple MEN systems).

3. Voltage Drop on Motor Start

Large motors can cause the generator voltage to sag, potentially causing other equipment to reset or contactors to
drop out. Solution:Implement soft-starters or Variable Speed Drives (VSDs) for large loads to reduce the inrush
current, or use a generator with a "Permanent Magnet Generator" (PMG) excitation system for better motor-starting
performance.

Regulatory Compliance in New Zealand

In New Zealand, the Electricity (Safety) Regulations 2010provide the legal teeth for AS/NZS 3010. Regulation
60 specifically mentions that any low voltage mains parallel generation system must comply with AS/NZS 3010 and
AS 4777.1. Failure to comply can result in significant fines and the disconnection of the installation by the network
operator. Furthermore, all work related to the installation of generating sets is considered "Prescribed Electrical
Work" (PEW) and must be certified by a registered electrical inspector or a qualified practitioner through a
Certificate of Compliance (CoC) and a Record of Inspection (Rol).



Technical Summary and Future Outlook

AS/NZS 3010:2017 is more than just a set of rules; it is an engineering blueprint for resilience. As the world moves
toward decentralized energy resources (DERs) and microgrids, the principles outlined in this standard become
increasingly relevant. The focus on safe earthing, effective neutral management, and robust switching ensures that
as we add more complex power sources—including battery storage and hybrid inverters—the fundamental safety
of the electrical installation remains uncompromised.

Future revisions of the standard are likely to integrate more closely with smart grid technologies and bi-directional
power flow requirements. However, the core mechanical and electrical safeguards—such as the break-before-make
principle and the integrity of the MEN system—uwill remain the bedrock of electrical safety. Professionals in the field
must stay updated not only with the primary standard but also with the frequent amendments that reflect the rapid
pace of change in energy technology. By adhering to the detailed workflows and technical specifications of AS/NZS
3010, engineers can ensure that their backup and parallel power systems are reliable, efficient, and, most
importantly, safe for all users.
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* Comprehensive Guide to UNE-EN 60617 Standards: Graphical Symbols for Electrical and Electronic
Diagrams

URL: http://alghafgolden.com/guide-to-une-en-60617-electrical-graphical-symbols.pdf
* Comprehensive Guide to AS/NZS 3000:2018 Wiring Rules: Technical Standards and Practical
Implementation

URL: http://alghafgolden.com/as-nzs-3000-2018-wiring-rules-guide.pdf

« ASTM D117-10 Guide: Comprehensive Analysis of Sampling and Testing Electrical Insulating Qils
URL: http://alghafgolden.com/astm-d117-sampling-testing-electrical-insulating-oils.pdf
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