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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committee EL-042, Renewable Energy Power Supply Systems and Equipment. This
Standard supersedes AS 4509.1—1999 and AS 4509.3—1999 on publication.

The object of this Standard is to specify essential safety and installation requirements for
stand-alone power systems used for the supply of extra-low (ELV) and low voltage (LV)
electric power.

This Standard was prepared following requests from interests involved in the solar energy
industry who considered there is need for Standards covering safety, design, installation and
maintenance procedures appropriate to the industry.

This Standard is Part 1 of a series, which consists of the following:

AS/NZS

4509 Stand-alone power systems

4509.1 Part 1: Safety and installation (this Standard)
4509.2 Part 2: System design guidelines

It is assumed that persons designing and/or installing stand-alone power systems have
access to, and understand the requirements of, AS/NZS 3000.

This Standard was revised to—
(a) incorporate AS 4509.1 and AS 4509.3 into one document;
(b) make the Standard a joint Australian/New Zealand Standard;

(c) expand and clarify the general requirements for the safe installation of stand-alone
power systems;

(d) include information on the connection of stand-alone power systems to loads; and
(e) clarify and expand requirements for battery enclosures.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendices to which they apply. A ‘normative’ appendix is an integral
part of a Standard whereas an ‘informative’ appendix is for information. Statements
expressed in mandatory terms in notes to tables and figures are deemed to be requirements
of this Standard.

Statements expressed in mandatory terms in notes to tables and figures are deemed to be
requirements of this Standard.
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Australian/New Zealand Standard
Stand-alone power systems

Part 1: Safety and installation

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard sets out safety and installation requirements for stand-alone power systems
used for the supply of extra-low (ELV) and/or low voltage (LV) electric power to a single
load, or an electrical installation in a single residence or building, or a group of residences
or buildings and associated items with switchboards to AS/NZS 3000 requirements.

This Standard covers—

(a) equipment up to, and including, the output of the stand-alone power system (i.e. the
point of supply—see the definition in Clause 1.4.12); and

(b) direct connection of a stand-alone power system to—
(i) asingle load (e.g. a water pump);
(i) asingle electrical installation (e.g. a residence); or

(iii)) a group of independent electrical installations (e.g. a number of separate
residences and/or buildings).

This Standard includes minimum rating and over-current protection requirements for the
consumers mains and earthing arrangements.

NOTE: The connection from the output of the stand-alone power system to the electrical
installation is regarded as the consumers mains (see AS/NZS 3000).

This Standard, with additional safety requirements, shall be applied to systems with energy
storage at LV

System design considerations are detailed in AS 4509.2.

NOTE: System maintenance matters are considered in Appendix A.

1.2 APPLICATION

Stand-alone power systems and the connection to an electrical installation shall be in
accordance with AS/NZS 3000, except as varied herein and with the applicable additional
requirements of this Standard.

This Standard shall be read in conjunction with the regulations and any relevant
requirements of any regulatory authority.

1.3 REFERENCED DOCUMENTS
The following documents are referred to in this Standard:

AS
1170 Structural design actions
1170.4 Part 4: Earthquake actions in Australia
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AS
1940 The storage and handling of flammable and combustible liquids
3011 Electrical installations—Secondary batteries installed in buildings

3011.1 Part 1: Vented cells
3011.2 Part 2: Sealed cells

4086 Secondary batteries for use with stand-alone power systems
4086.2 Part 2: Installation and maintenance
4509 Stand-alone power systems

4509.2 Part 2: System design guidelines
60038 Standard voltages

AS/NZS

1125 Conductors in insulated electric cables and flexible cords

1170 Structural design actions

1170.2 Part 2: Wind actions

1768 Lightning protection

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

3008.1.1 Part 1.1: Electrical installations—Selection of cables—Cables for alternating
voltages up to and including 0.6/1 kV—Typical Australian installation

conditions
3010 Electrical installations—Generating sets
3019 Electrical installations—Periodic verification

4763(Int) Safety of portable inverters

5033 Installation of photovoltaic (PV) arrays

NZS

4219 Seismic performance of engineering systems in buildings
IEC

60038 IEC standard voltages

New Zealand Government Acts and Regulations:

Hazardous Substances and New Organism Act 1996 (HSNO Act)

Hazardous Substances (Dangerous Goods and Scheduled Toxic Substances) Transfer Notice
2004

1.4 DEFINITIONS
The definitions in AS/NZS 3000 apply except as varied herein.
1.4.1 Alternating current (a.c.)

Electric current that reverses its direction of flow at regular intervals. This type of current
flow is generally produced by rotating electromagnetic alternators or electronic inverters.

1.4.2 Authorized person

The person in charge of the premises, or the licensed electrical contractor or electrician or
other competent person appointed or selected by the person in charge of the premises, to
perform certain duties on the premises.

1.4.3 Battery enclosure
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1.4.4 Competent person

A person who has acquired through training, qualifications, experience, or a combination of
these, knowledge and skill enabling that person to correctly perform the task required.

1.4.5 Consumers mains

Those conductors between the point of supply (stand-alone power system) and the main
switchboard.

NOTE: This applies to both a.c. and d.c. supplies.
1.4.6 Current-carrying capacity

The maximum continuous current at which a conductor will not overheat and cause
permanent damage to the conductor insulation. It is affected by conductor cross-sectional
area, cable insulation material and the method of cable installation. (See AS/NZS 3008.1.1.)

1.4.7 Direct current (d.c.)

Electric current that flows in one direction only. This type of current flow is generally
produced from a battery or from rectified a.c.

NOTE: Current carrying capacity for d.c. cables can be determined by reference to AS 3008.1.1
as the heating effect for d.c. currents is identical to the r.m.s value for a.c. currents. Voltage drops
for d.c. currents can be calculated using AS/NZS 1125.

1.4.8 Extra-low voltage (ELV)

Not exceeding 50 V a.c. or 120 V ripple-free d.c.
NOTES:
1  For the purposes of this Standard, a nominal 120 V d.c. battery system is considered LV.

2 The open circuit voltage on PV arrays at STC (standard test conditions) as per AS/NZS 5033
will affect the maximum voltage that may be experienced in a stand-alone system (e.g. the
cables).

1.4.9 Hydro generator

A device that converts the potential or kinetic energy of water into electrical energy
1.4.10 Low voltage (LV)

Exceeding ELV but not exceeding 1000 V a.c. or 1500 V d.c.

1.4.11 Photovoltaic (PV) module/array

A module is an electrical device in which the energy of solar radiation is converted to
electrical energy. An array is a collection of modules wired to supply electrical energy.

1.4.12 Point of supply

The output terminals of the stand-alone power system.
NOTE: This definition replaces that in AS/NZS 3000.

1.4.13 Protection equipment

Equipment, such as fuses and/or circuit-breakers, that operate to protect any conductor from
overcurrent and equipment, such as lightning arresters and voltage dependent resistors, that
operate to protect against electrical surges.

1.4.14 Shall
Indicates that a statement is mandatory.
1.4.15 Should

This indicates that a requirement is a recommendation based on industry best practice.
There needs to be justification for not complying with this recommendation.
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1.4.16 Stand-alone power systems

Systems that are not connected to the power distribution systems of an electricity
entity/distributor. Stand-alone systems are supplied with power from one or more of a
number of sources, including, but not limited to, a photovoltaic array, a wind turbine
generator, a micro-hydro generator and a motor-generator set.

1.4.17 Switchboard, main (installation)

The switchboard from which the supply to the whole electrical installation can be
controlled.

NOTE: In an installation there may be both a.c. and d.c. main switchboards.
1.4.18 Wind turbine generator

A device which converts the kinetic energy in the wind into electrical energy.
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SECTION 2 GENERAL REQUIREMENTS

2.1 A.C.OUTPUT VOLTAGE

At the point of connection to the consumers mains, the a.c. output voltage shall be within
the range of—

(a) in Australia, 230/400 V +10% to —6% (in accordance with AS 60038); or
(b) in New Zealand, 230/400 V +6% to —6% (in accordance with IEC 60038).

2.2 APPLICATION OF AS/NZS 3000

Stand-alone power systems shall be installed to the requirements of AS/NZS 3000 except as
varied herein.

2.3 SIGNS

Signs shall—

(a) be sufficiently durable for their purpose;

(b) be constructed of appropriate and durable materials suitable for the location;
(c) be fixed in a durable manner appropriate for the location;

(d) bein English;

(e) be legible and the letter size to be appropriate for the location;

(f)  be indelible; and

(g) be visible when applicable.
NOTES:

1 Most signs should not be obscured by being located inside cupboards, behind doors or other
materials. Signs should not be obscured by having materials placed in front of them or be
located where it is likely that material will be placed in front of them (e.g. immediately above
a shelf). It should be noted that signs like the battery signs may be inside the battery
enclosure and hence may only become visible after opening the battery enclosure.

2 As a guide, sign lettering is sized with upper case lettering of 5 mm high and lower case of
4 mm high per metre of viewing distance.

2.4 INFORMATION SIGN FOR EMERGENCY SERVICES

A sketch, which may include photographs, shall be prominently displayed in, on or
immediately adjacent to, the main switchboard. The locations of the following components
shall be indicated (where applicable)—

(a) the electrical installation main switchboard (for reference);

(b) stand-alone power system switchboard;

(c) system shutdown procedure sign;

(d) the battery bank;

(e) fuel tanks and storage for the generator set (petrol, diesel and/or LP Gas);
(f)  other flammable or explosive substances relevant to the stand-alone system;
(g) the photovoltaic array and associated isolating switch(es); and

(h) all sources of renewable energy.
NOTE: It is recommended that the location of relevant fire fighting equipment should be

indicated. Documents
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2.5 SHUTDOWN PROCEDURE

The shutdown procedure for each installation be clearly described on a sign complying with
Clause 2.3. The sign may include photographs and shall be displayed prominently in the
stand-alone equipment area. The sign shall include instructions in English covering the
complete shutdown procedure, including (but not limited to) the following:

(a) Isolation of the battery bank by disconnecting battery fuses or opening battery circuit
breakers.

(b) Isolation of generating set and prevention of operation by automatic or remote start.
(c) Isolation of each renewable energy input.

(d) Location of each renewable energy input.

NOTE: For small systems (e.g. solar street lights), a simple sign inside the equipment enclosure
covering the procedures above, is sufficient.
2.6 IDENTIFICATION AND LOCATION OF EQUIPMENT

All metering, informative displays, alarms, isolation and circuit protection equipment shall
be permanently labelled to correctly identify its use and purpose.

These items shall be placed in convenient and visible locations and be accessible to
appropriate persons as required for their intended usage.

2.7 METERS AND INFORMATIVE DISPLAYS

Where metering is used, all metering shunts and connecting cables in un-earthed
conductors, where installed, shall be screened from touch.

The a.c. output voltage and current or power (watts) may be provided as separate meters or
be incorporated in the inverter.

All meters and informative displays should be able to be read without the opening or the
removal of equipment covers (i.e. covers that require tools for their removal).

2.8 MECHANICAL AND THERMAL PROTECTION OF EQUIPMENT

Any equipment with moving parts, or high temperature parts or emissions (greater than
70°C), shall be protected, to prevent inadvertent contact by persons or animals, fire or
mechanical damage.
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SECTION 3 INSTALLATION, WIRING AND
CIRCUIT PROTECTION

3.1 CABLE PROTECTION

All wiring shall be protected against damage and supported in accordance with
AS/NZS 3000 requirements.

3.2 ELECTRICAL PROTECTION
The following protective measures shall be taken:
(a) The requirements of AS/NZS 5033 shall apply to the protection of PV arrays.

(b) Overcurrent protection of battery systems shall be of a non-polarized type.
NOTES:

1 Attention is drawn to the possibility of the battery providing high currents due to faults in
renewable inputs or associated wiring.

2 The requirements of AS/NZS 3000 and AS 4086.2 state that all overcurrent and overload
protective devices shall be in the live (unearthed) conductors and shall be able to safely
disconnect the maximum short circuit current at the point of connection.

3 d.c. switching and overcurrent protection devices need to be appropriately rated for d.c..
Components that are only a.c. rated are not appropriate for d.c. applications. a.c. ratings
and d.c. ratings are not equivalent.

(c) A lightning risk analysis shall be performed.

Information on lighting risk analysis is provided in AS 4509.2. Installations in areas
determined to be at great or very great risk should be provided with lightning protection if
there is a risk of injury to people.

NOTE: This Standard does not mandate lightning protection for all installations. Reference
should be made to AS/NZS 1768 for information that will assist in determining the risk of
lightning damage for particular applications and suitable protection methods.

3.3 EQUIPMENT LAYOUT

The equipment—

(a) should only be accessible to authorized persons except for access to meters and
informative displays, as indicated in Clauses 2.6 and 2.7;

(b) shall be installed in accordance with manufacturer’s instructions; and

NOTE: The installation of equipment needs to take into account the climatic conditions and
the environment in which it is to be installed (e.g. dust, ventilation, vermin etc).

(c) shall be provided with adequate ventilation for battery gases and vapours. (See
AS 4086.2 and Section 7 of this Standard.)

NOTE: See AS 4086.2 and Section 7 of this Standard.
When designing the layout and/or installing equipment, consideration shall be given to—

(i) losses in cables (e.g. length of cable runs from the PV array to the battery bank or
inverter etc);

(ii) noise from the equipment (e.g. motors, wind turbines, micro-hydro generators);

(iii) exhaust gases (e.g. from internal combustion motors or the hydrogen from batteries);
and
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The equipment layout should allow for the hydrogen gas that can be produced from the
battery when under charge. In particular, the location of devices that could provide an
ignition source for hydrogen gas when operating, need to be considered. (For specific
requirements see Section 7.)

3.4 WIRING ISSUES
3.4.1 D.C. Losses

To minimize d.c. cable losses, regulators, controllers, inverters and battery chargers should
be mounted as close as possible to the battery. See the requirements in Clause 3.3 regarding
equipment latout.

3.4.2 ELV Cabling Voltage Drop

The maximum voltage drop of ELV cabling should not exceed the limits indicated in
AS 4509.2.

3.4.3 Segregation Of Circuits

In addition to the requirements detailed in AS/NZS 3000, segregation shall be provided
between d.c. and a.c. circuits to the same requirements as for segregation of different
voltage levels in AS/NZS 3000.

The different types of circuits shall be clearly identified (e.g. by labels or different coloured
cables).

NOTE: These labels should be typically every 2 to 3 m, depending on the route of the cable and
its accessibility.

3.4.4 D.C. Cabling Inductance

Where possible, all d.c. cabling should be run to minimize loop area.
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