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1. Introduction

Currently there are over 2 million houses in Australia with a grid connected solar (photovoltaic) system on
their roof and interconnected to the grid. There are approximately 6,000 electricians accredited by the Clean
Energy Council to install these systems. These “solar electricians” have been trained in the safe installation
and operation of these systems.

This guide and associated short course have been developed to inform other tradespeople how to work
safely near existing solar systems.

Though a few Grid Connected systems were installed in the 1990’s it has generally been since the
introduction of the Photovoltaic Rebate Program (PVRP) in 2000 that domestic and commercial solar
systems started being installed on buildings throughout Australia. Over the last ten years the growth has
resulted from various State Government feed-in tariffs and also due to sale of renewable energy certificates
in meeting the target of 33,000GWh of renewable energy on the grid by 2020. Figure 1 shows the growth
in Small Scale installations over the last 10 years.

Cumulative number of Systems Installed
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Figure 1: Growth of grid connected PV systems in Australia
Source: CER =Small Scale Installations by installation year

Over the last 20 years standards have been developed to allow for the safe installation of these systems,
however these standards have been updated regularly to reflect changes required due to the rapid changes
and growth of the industry. The result is that a system installed in 2000, that is still operating, will have
been installed differently to what is being installed today. Some of the differences will be the type of cable
that has been installed between the solar array and the inverter (the inverter converts the solar power to
a.c. power that feeds into the building and onto the grid), the number and type of switch disconnectors
(isolators), the signage and whether the solar array has been bonded to earth.

This guide details the variations in solar system installations a tradesperson might encounter when working
near a solar system, distribution boards and switchboards. The variations often relate to signage, cabling
requirements and isolation/protection requirements. For all tradespeople it will be important to be aware of
where the solar array is installed, where the inverter is installed, the associated cabling between the array
and inverter and the associated switches/isolators. Electricians who have not undertaken solar training
need to appreciate that a grid connected solar system is a separate generation system in parallel with
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the exiting grid and that cables associated with the system must not to be used for any other electrical
connection and only be used for the interconnection of the grid connected PV system.

Uninterruptible Power Supplies have been used for back-up power supplies for specified loads (e.g.
computers) for many years. In recent years larger battery systems have been installed in houses and
commercial/industrial premises to work with grid connected solar systems. These battery systems are being
used for storing excess solar generation during the day for use at the evening and in some instances as a
backup system if the grid has a failure. This guide also shows how to identify if a battery energy system

is installed at the building that the tradesperson is undertaking work and how to safely shut it down if
required.

Note: This guide contains photos of systems from system installations over the years to show what a
tradesperson might find when working on a building with a solar system installed. In some photos the
actual installation shown might not be compliant with the current standards or even those at the time of
installations.

2. What is a Grid Connected Solar (PV) System?

The electricity grid connects generators and loads so that the electricity supply (generation) can meet the
demand (loads). Whereas conventional power stations, such as coal-fired power plants, are centralised
at the hub of the grid, grid-connected PV systems are decentralised and connected to the grid at the load
end of the electricity network; this is known as ‘distributed generation’. This arrangement means that the
PV system can supply electricity to power the on-site loads where it is located and the grid supplies any
shortfall in electricity demand. If the PV system generates more electricity than is needed on-site, the PV
system is generally permitted to export this excess generation to the grid.

The grid supplies a.c. electricity, and a PV array produces d.c. electricity. Therefore, the output of the PV
array needs to be converted into a.c. electricity before it can be connected to the grid (Figure 2). This a.c.
output also needs to have electrical characteristics that are compatible with those of the grid; for example,
the voltage and frequency need to be within a certain range.

This section introduces each of the components in a grid connected PV array system. Sections 4 through
to 14 summarise the changes that have occurred within standards so that the tradesperson is aware of
what they might find when working on a house/building with a grid connected PV system. Sometimes
these changes have been in the signage relevant to that part of the installation. For this reason, there is
no separate section on signage. The signage requirements and variations are included in the installation
section that the signage pertains to.

The grid connected PV system can comprise systems with string inverters (figure 2) or module inverters
(figure 3).
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Figure 2: Typical grid connected PV systems with string inverter

The grid connected PV system with a string inverters typically comprise:

e Solar Array comprises PV modules that are electrically wired together to form an array which is typically
mounted on the roof with an aluminium array structure. (refer section 5)

e PV Array Switch disconnector (d.c.) located beside the array. These have been compulsory since 2012,
however systems installed prior to that date may not have them installed. Some states and territories
had already made them compulsory prior to 2012. (refer section 6)

e PV Array cable connects the array to the inverter PV array switch disconnector. Since 2012 these have
had to be installed in conduit. (refer section 7)

e PV array structure bonding cable. Since 2012 it has been compulsory that all PV array frames be
bonded and connected to the earth terminal within the switchboard. (refer section 8)

e PV array switch disconnector (d.c.) located at the inverter. These are either beside the inverter or part of
the inverter. It is only since 2012 that they have been allowed to be part of the inverter. (refer section 9)

e Inverter (refer section 10)

e Inverter Isolating Switch (a.c.) is located beside the inverter unless the inverter is adjacent to the
switchboard (or distribution board) that the inverter connects to. (refer section 11)

e Inverter Energy System (IES) Switchboard. When the system comprises a number of inverters then
the individual isolating switches for the individual inverters might all be mounted in a dedicated
switchboard. (refer section 11)

e Inverter cable from the inverter isolator (or IES switchboard) to the switchboard (or distribution board).
(refer section 12)

e Main Switch (Inverter Supply) located in the switchboard or distribution board that the inverter
interconnects to. (refer section 13)

In some grid connected PV systems the inverters are located with the solar modules (refer figure 3),
typically located behind the solar array. These module inverters could be interconnected to one or two
solar modules. The system often comprises multiple inverters where the a.c. output from each inverter are
connected in parallel. Next to the array there will be an a.c. isolator for disconnecting the inverters. This
a.c. isolator will then interconnect to the switchboard. PV array switch disconnectors (d.c.) are typically not
required between the solar modules and the inverter unless the inverter is greater than 350W (this will
possibly be increased). Inverters above 350W are treated the same as string inverters as described above.
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Figure 3: Grid connected PV systems with module inverter

The grid connected PV system with module inverters typically comprise:

Individual solar modules that are electrically wired in series or parallel so that one or two modules are
then wired to one module inverter.

Module Inverters are typically located behind the solar array and connected to one or two solar modules
as above. Multiple module inverters are then connected in parallel to increase the capacity of the
system.

The rooftop Inverter Isolating Switch (a.c.) is located beside the array on the roof (or where the array is
located).

Inverter cable from the inverter isolator to the switchboard

PV array structure bonding cable. Since 2012 it has been compulsory that all PV array frames be
bonded and connected to the earth terminal within the switchboard.

Main Switch (Inverter Supply) located in the switchboard or distribution board that the inverter
interconnects to.
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3. Standards Relevant to Grid
connected PV Systems and Battery systems

The relevant standards include:
— AS/NZS 3000 Wiring Rules.
— AS/NZS 3008  Electrical Installations-Selection of Cables.
— AS/NZS 4777 Grid Connection of energy systems by Inverters.
— AS/NZS 5033 Installation and Safety Requirements of PV Arrays.
— AS/NZS 3011  Electrical Installations-Secondary batteries installed in buildings.
— AS/NZS 2676  Guide to the installation, maintenance, testing and replacement of secondary
batteries in buildings.

Note: AS/NZS 5139: Electrical installations — Safety of battery systems for use with power conversion
equipment is due to be released later in 2019 and this will replace AS/NZS 3011 and AS/NZS 2676 for
battery systems installed with PV systems.

In addition to the standards the solar industry has to abide by Clean Energy Council guidelines when the
system is receiving renewable energy certificates.

The guidelines are the:
e Clean Energy Council Install and Supervise Guidelines for Accredited Installers.
e Clean Energy Council Battery Install Guidelines for Accredited Installers

Like Australian Standards there have been many versions of these guidelines since 2000.
The guidelines are sometimes used to introduce necessary changes in installation requirements prior to
the relevant standard being amended.

In addition to guidelines and standards some States have their own service rules and some of these have
had requirements for Grid connected PV systems. However, these requirements are generally in the detail
of the installation and not relevant to a tradesperson working on a house or building where there is a
solar system.
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4. Working on a House with a Grid connected Solar System

If a tradesperson is undertaking any work on a house or building that requires switching off power at the
switchboard then the tradesperson should determine if the site has a grid connected solar system installed.
Whether the site has a solar system can be determined by either:

e Asking the owners;

e Going to the switchboard;

e Visual observation of a PV array on the roof or adjacent to the house.

If there is a solar system on the site, the switchboard should have a sign or signs indicating that there is a
system installed.

Some of the signs have changed over the years with different requirements in standards. Figures 4 to 6
show possible signs that could be installed on or near the switchboard. The figure captions also show when
they were specified in the relevant standards.

The sign in figure 5 was included in the 2012 version of AS/NZS 5033. It had previously been required in
some States. It has been included to warn emergency services personal that a solar system is installed on
the premise.

Figure 4: This sign is on or adjacent to switchboard or meter panel (required since 2012)

The “multiple supplies” sign as shown in Figure 5 was introduced in the 2016 version of AS/NZS

4777.1. Systems installed prior to 2016 would have the Dual supply sign as shown in Figure 7. These
were specified in the 2002 and 2005 versions of AS/NZS 4777.1 In later editions the “normal” supply
was changed to be called “grid” supply while the “solar” supply changed to say “inverter” supply. The
requirements for this type of sign or similar has always been included in AS/NZS 3000 to cover alternative
supplies like generators and were included in Electrical Supply Association of Australia (ESAA) guidelines
that were developed in the late 1990s. So all systems installed prior to 2002 should have a sign indicating
that there is a solar system connected to the switchboard.
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WARNING
MULTIPLE SUPPLIES

ISOLATE ALL SUPPLIES
BEFORE WORKING ON THIS
SWITCHBOARD

Figure 5: Warning sign to be located in switchboard (required since 2016)

WARNING
DUAL SUPPLY

ISOLATE BOTH NORMAL AND SOLAR
SUPPLIES BEFORE WORKING ON
THIS SWITCHBOARD

Figure 6: Warning sign located in switchboard (required since 2002)

After it has been confirmed that there is a solar system installed then the tradesperson should:
1. Locate the main equipment. (Solar Array and Inverter)
2. Locate where the inverters interconnect with the a.c. supply.
3. Locate all switching and protection devices.
4. ldentify the cable route between the array and the inverter.

Whether the tradesperson needs to determine all of the above will be dependent on what work is being
undertaken and where that work is being undertaken.

The critical safety issue that all tradespeople working on a building (house or commercial) with a grid
connected solar system installed is the following:

Even when the grid power and inverter power have been isolated as per the shutdown procedure in
section 14, the solar array is still “live” if it is daytime and the cable between the array and the inverter
(if a string inverter systems or similar) will be live.

The PV array cable that runs from the PV array to the inverter can be isolated from the solar array by
switching off the roof mounted PV array switch disconnector(s) (refer section 6).
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With the PV array switch disconnectors located on the roof, it is not recommended that a tradesperson
access the roof to isolate the PV array unless they will be working near the live PV Array cable. If the
tradesperson has to access the roof they should have the working at heights training and certificates as
required in the State that the work is being undertaken.

If the tradesperson is working in the celling space (cavity) where the PV array cable is located then it is
advisable, if safe to do so, that the roof top PV array switch disconnector (if installed) is turned off after

the shutdown procedure as shown in Section 14 has been followed. In some States this requirement can
be mandatory. If switching off the roof top isolator is not feasible then it is important that when entering
the ceiling space (cavity) that the PV array cable is identified and its route through the ceiling space (cavity)
is located.

All the above should be included in the tradesperson’s risk assessment for that site before undertaking
the work.

5. Solar Array

There should be a sign at the switchboard specifying where the solar array is located. Figure 7 is the
example of the sign requirements as per the 2005 and 2012 versions of AS/NZS 5033.

SOLAR ARRAY ON ROOF

Open Circuit Voltage

Short Circuit Current

Figure 7: Example of sign stating where solar array is located (AS/NZS 5033:2005 and 2012)

SOLAR ARRAY (specify location)

Short Circuit Voltage (specify)

Open Circuit Current (specify)

Figure 8: Example of sign stating where solar array is located (AS/NZS 5033:2014)
for standard string inverters
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A.C. SOLAR ARRAY (specify location)

In an emergency, turn off the MAIN SWITCH INVERTER
SUPPLY at (specify location)
This will isolate the PV array and de-energise th e PV system.

Figure 9: Example of sign stating where solar array is located (AS/NZS 5033:2014)
for a.c. module systems

The solar array comprises individual solar modules that are most commonly constructed with a tempered
glass front with an aluminium frame. Due to the different manufacturing techniques of the solar cells within
the solar modules they can look different as shown in figure 10. Early modules used in grid connected
system typically had a power rating of 80Wp to 100W and measured approximately 1200 mm by 500 mm.
The aluminium frame had a depth of 30-50mm. Current modules can have a power rating up to 350Wp
and measure approximately 2000 mm by 1000mm and with a depth in the 30-50mm range.

Figure 10: Example of different solar modules

The solar modules are typically mounted onto an aluminium array frame as shown in Figure 11 (tile roof),
Figure 12 (metal roof) and Figure 13 (industrial roof). This raises the modules off the roof to help with
airflow and cooling.
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Figure 11: Example of solar array on tile roof
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Figure 12: Example of solar array mounted on metal roof
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Figure 13: Example of solar array mounted on flat industrial roof

However there have been some systems where the solar array is integrated into the roof (Figure 14) and
the solar modules are actually solar roof tiles (Figure 15).

Figure 14: Building integrated PV array
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Figure 15: Solar roof tile installation

When working on a roof with a solar array DO NOT:
e Walk on the solar array
e Drop tools or other items onto the solar modules.

Note: Under the building code the solar roof tile must be able to be walked on like any other tile however it
is recommended that this is never done.

If the work being undertaken requires penetration of the roof material, it is important to locate the route
of the PV array cable to ensure that it is not in the vicinity of the roof penetration. If there is a roof-top PV
switch disconnector (s) then after the shutdown procedure as detailed in section 14 has been followed,
then the roof top switch disconnector should be turned off as an added precaution.

Solar Awareness For Tradespeople | 12



6. Rooftop PV Array Switch Disconnector

A PV array Switch disconnector located beside the array only became compulsory with the 2012

version of AS/NZS 5033. This requirement was for arrays with open circuit voltage greater than 120V d.c.
(Low Voltage), but it was rare that systems had an array voltage less than 120V d.c. except when
micro-inverters were being used. Some State’s local service rules (or similar) had been requiring these

prior to them becoming a compulsory requirement within AS/NZS 5033. Since the majority of solar arrays
installed at houses or commercial/industrial premises are on roofs then these PV array switch disconnectors
are often called “rooftop” PV Array switch disconnectors.

The early installations were often installed with the switch facing upwards as shown in Figure 16.

Figure 16: Rooftop PV array switch disconnector with switch facing upwards

Prior to the PV array switch disconnector becoming compulsory, the CEC Installation guidelines were
specifying that if a PV array isolator is installed then it should not be installed facing up and be installed
either on the side (figure 17) or upright (Figure 18).

Figure 17: Rooftop PV array switch disconnector with switch facing sideways
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Figure 18: Array PV array switch disconnector with switch mounted upwards

The Clean Energy Council guidelines in 2015 introduced the requirements that the PV array switch
disconnector on the roof had to be shielded from the weather. If the modules were parallel to roof as can be
seen in Figures 11 and 12 then a shield would be required above the switch as shown in Figure 19. If the
array is tilted, then it was possible that the switch could be mounted under the array as shown in Figure 20.

Figure 19: Rooftop PV array switch disconnector with shield
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Figure 20: Rooftop PV array switch disconnector behind tilted array

If the rooftop PV array switch disconnector is required to be turned off while working near the PV array
or the PV array cable, then it should only be switched off after the system has been shut down as per the
shutdown procedure specified in section 14.

The switch disconnectors are required to be load breaking, i.e. they are able to be turned off while current
is flowing through the switch. However, it is still best practice to only turn them off after the system is
shutdown, unless it is an emergency.

Prior to approximately 20210-2011 double pole d.c. circuit breakers as shown in Figure 21 were commonly
used as the switch disconnector, however these have been replaced by switch disconnectors.

15 | Solar Awareness For Tradespeople



Figure 21: Double pole d.c. circuit breaker

| COBALTBLACK
# PV ARRAY
D.C. ISOLATOR

Figure 22: d.c. switch disconnector

There should be a sign on the PV array switch disconnector and it should say something like: PV Array DC
Isolator or PV Array Switch. The exact wording has changed over the years and the word Solar could be
used instead of PV array. However, since it is mounted beside the array it should be easy to identify even
without a sign.

Some systems could have two or more PV array cables installed between the array(s) and the inverter(s).
If the intention is to turn off the PV arrays to ensure there is no voltage on the PV array cable then itis
important that all PV array switch disconnectors are turned off. Figures 23 and 24 show a house system
where there are two switch disconnectors located on the roof (these were installed prior to the shield
requirement in 2015).
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Figure 23:: System with two d.c. switch disconnectors

Figure 24: System with two d.c. switch disconnectors

If the system comprises module inverters then a d.c. PV array isolator on the roof between the array and the
inverter is not required. There will be an a.c. isolator after the inverters (refer section 11).
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7. PV Array Cable

The requirement to use specialised solar cables was not required until the 2012 version of AS/NZS 5033.
Prior to that it was common to use Thermoplastic Sheathed cables (TPS) that are commonly used in a.c.
house wiring. These cables could have been twin cables similar to those shown in Figure 25 or single
cables as shown in Figures 26 and 27.

The cabling as shown in Figures 25, 26 and 27 are examples of very poor installations. The photo in
Figure 25 has been used to show that it is was just standard TPS cable being used in the early installation
so impossible to distinguish between other power cables. Figure 27 and 28 showed how single core

TPS (doubled insulated) cable was used as a solar cable. None of these installations would be compliant
in accordance to AS/NZS 3000. With figures 26 and 27 the cable is not mechanically protected, not
adequately supported and also just lying on roof which is not allowed. These photos have been shown to
raise awareness of the type of installations that might be found when working on a house with a system
installed in the early days of grid connect installation and unfortunately still at times.

Figure 25: PV array wiring using twin core TPS cable
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Figure 27: PV array wiring using single core TPS cable

The first version of AS/NZS 5033 was released in 2005 and for the PV array cable it specified the following:

Where PV array cabling could be confused with other wiring systems, appropriate identification shall be
provided at regular intervals.

NOTE: Typically, identification should be not more than 3 m apart.
The identification was typically through writing the word “solar” onto the cable. In early days this could have

been hand written with a marker pen by the installer (Refer Figure 28) but some people did start getting
cable made with the word “solar” already printed on the insulation.
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Figure 28: PV array wiring with “solar” handwritten onto cable

The 2012 version of AS/NZS 5033 then required the following:
Permanent indelible identification shall be provided for PV array cabling installed in or on buildings.

PV array (and sub-array) cabling shall be identified by one of the following methods:

(a) PV cabling using distinctively marked PV cables shall be permanently, legibly and indelibly marked
in English.

(b) Where cabling is not distinctively marked, distinctive coloured labels marked with the words ‘SOLAR’
shall be attached at an interval not exceeding 2 m.

When conduit or other wiring enclosure is used, the wiring enclosure shall be labelled ‘SOLAR’ on the
exterior surface of the enclosure and at each end of the enclosure and at each change in direction.

The 2012 version did not allow TPS cable being used anymore as solar array cable and required special
solar cable as shown in Figures 29 and 30. These would be supplied typically with words similar to that
shown in Figure 30. Though these solar cables became compulsory in 2012 many installers had started
installing them prior to that and hence these could be located within the ceiling spaces and roof cavities.

SOLAR DC - VOLTAGE RATING 1kV x 4mm?

Figure 29: Solar cable
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Figure 30: Solar cable

However, from 2012 the cables like that shown in Figure 30 should only be seen at the solar array
interconnecting the solar modules and on the roof. From 2012 the PV array cables within buildings had
to be enclosed in heavy-duty insulating as shown in Figure 31.

Figure 31: Conduit in celling space containing PV array cable

The conduit is required to have the word “solar” at each end of the conduit and at each change in direction
as can be seen in Figure 32.
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Figure 32: Conduit containing PV array cable showing the word “solar” on the surface.

In summary a tradesperson working within the celling space on a building where a system has been

installed should:

e Determine if the solar array cable passes through the roof. If the tradesperson is working on the roof
then this could involve first identifying where the solar array cable enters the roof as shown in figures
33,34 and 35.

e |f the tradesperson does not access the roof to locate where the cable passed through the roof then
immediately upon entering the celling space the tradesperson should identify the PV array cable.

e The PV array cable could either be:

— TPS cable with no signage (figures 25, 26 and 27)

— TPS cables with word solar marked on the cables (figures 28)
— Solar cable (figures 29 and 30)

— Cable is located within conduit or enclosure (figures 31 and 32)
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Figure 33: Conduit containing PV array cable passing through roof (note this is not
compliant because it could allow the roof to leak).

Figure 34: Conduit containing PV array cable passing through roof
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Figure 35: Multiple conduit containing PV array cable passing through roof
showing the word solar on the surface

8. PV Array Bonding Cable

The 2012 version of AS./NZS 5033 introduced the requirement that all solar module frames shall be
bonded to earth. This either required that each module to be bonded directly by a cable as shown in figure
36 or that the whole array frames was bonded during construction using the special clamps shown in figure
37 and then the array frame would be bonded to an earth cable as shown in figure 38. The bonding earth
cable is installed close to the PV array cable and will often be installed in the same conduit as the PV

array cable.

Figure 36: Individual bonding of each module

Note: Difficult to tell if lug forming a bond but shows how the
cable should be installed
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Figure 37: Washer used for bonding array frame

Figure 38: Earth bonding cable connected to array frame.
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9. Inverter PV Array Switch Disconnector

The initial AS 4777 standard released in 2002 required an isolation device between the inverter and
energy source, in this case PV array. This was a follow on from the requirements of the Electricity Supply
Association of Australia (ESAA) guidelines developed in late 1990’s. AS 5033 2005 implied that the
isolator was located next to the inverter however the AS/NZS 5033 2012 version did specify that the
isolator had to be adjacent to the inverter however it was generally installed in that location prior to

that date.

Up to approximately 2011, d.c. circuit breakers were typically used as the isolator as can be seen in Figure
39. This isolator, now described as switch disconnector, had to be located beside the inverter. Figure 39
also shows the d.c. isolator and a.c. inverter isolator in the same enclosure which was also common at
that time.

Figure 39: d.c. circuit breaker being used as the solar d.c. isolator located

beside the inverter.

After approximately 2010 d.c. isolators (switch disconnectors) as can be seen in Figure 40 replaced the d.c.
circuit breakers as the solar isolator located beside the inverter. The a.c. inverter isolator was then installed
in their own enclosure.
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Figure 40: d.c. rated switch disconnector being used as the solar d.c. isolator

located beside the inverter.

Note: For some brands of inverters having the isolators located so close to the inverter (as shown in
Figure 39 and 40) might not be compliant with the inverter manufacturer’s requirement for a specified
free area for facilitating natural cooling/ventilation of the inverter.

The labelling of these d.c. isolators did vary over the years but what was used was able to describe the
function of the isolator. It generally included the word “PV Array” or “solar” and/or “d.c.” and sometimes
main switch or isolator however technically the solar main switch was the a.c. inverter isolator that was
located in the switchboard (refer section 13),

The 2005 version of AS 5033 required the solar array switch beside the inverter to be labelled as per
figure 41.

PV ARRAY
MAIN SWITCH

Figure 41: Sign required for d.c. isolator beside the inverter (AS 5033:2005)
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Since main switches were technically only to be located on main switchboards the 2012 version of
AS/NZS 5033 required the label to be as per figure 42. However, this version of the sign had previously
been required by some of the various State and Territory service rules.

PV ARRAY
D.C. ISOLATOR

Figure 42: Sign required for d.c. isolator beside the inverter (AS 5033:2012)

Some inverters (as seen in Figure 40) have multiple inputs while some systems might include multiple
inverters and then have multiple solar array d.c. isolators near the inverter. For this reason, the sign

as shown in Figure 43 is required to warn people to turn off all the d.c. (solar) isolators installed near
the inverters.

(Note: As detailed in section 14, shutdown procedure it is best practice to turn of the a.c. inverter isolator
before turning off the d.c. isolators).

WARNING
MULTIPLE SUPPLIES

ISOLATE ALL SUPPLIES
BEFORE WORKING ON THIS
SWITCHBOARD

Figure 43: Warning sign specifying turn off all d.c. isolator located beside the inverter(s)
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Do not disconnect

under load

Figure 44: Plug and sockets used to interconnect solar modules to module inverters
(and also used between modules)

10. Inverter

The “string” inverter could be located within houses, particularly in garages, on outside walls (refer figures
45 and 46), inside enclosures on walls (figure 47) and within industrial sites in fenced off areas (figure 48).

Since the 2012 version of AS/NZS 5033, systems with an array voltage greater than 600V cannot be
installed on “domestic dwellings” as defined by the National Construction Code. Voltages above 600V
can only be commercial/industrial sites or on large solar farms and access to the related equipment, e.g.
inverters, isolation and protection devices must be restricted.

Where the tradesperson needs to turn the system off when working on the building it is important to
identify where the inverter or inverters are located. This is where the d.c. isolator from the solar array(s)
will be located.

Figure 45: Inverter on outside wall
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Figure 46: Multiple inverters mounted on wall

Figure 47: Inverter mounted in enclosure
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Figure 48: Inverter mounted in industrial site in fenced off area

The 2016 version of AS/NZS 4777.1 requires a sign in the switchboard stating the location of the inverter
(refer figure 49) when the location of the inverter is not obvious.

INVERTER LOCATION

Figure 49: Sign required in switchboard indicating where inverter is located

Module inverters are typically located on the solar array frame behind the modules as shown in figure 50.
Note that this is during installlation and prior to the solar modules being mounted on the frame.
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Figure 50: Module inverter located on array frame before modules installed

11. Inverter Isolator

The 2002 version of AS 4777.1 showed in the wiring diagrams an inverter isolator between the inverter
and main switchboard. It did imply that it was near the main switchboard, that is within 3 metres, then this
isolator was not required. This did cause some confusion and some States did require this isolator. The a.c.
inverter isolator is shown in figures 39 and 40.

The 2016 edition of AS/NZS 4777.1 then stated that the isolator at the inverter was required when the
inverter was not adjacent to the switchboard and the word adjacent was defined as within 3 metres and
within the line of sight. The word “adjacent” had been included in the 2011 edition of the Clean Energy
Council: GRID-CONNECTED SOLAR PV SYSTEMS - Install and Supervise Guidelines for Accredited
Installers.

The labelling on these switches did vary but they generally had the word “inverter’ in the title and could say
“Inverter a.c. Isolator” or “Inverter supply isolation switch” or similar.

The 2016 edition of AS/NZS 4777.1 did now specify that these switches should be labelled as per
figure 51.
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Figure 51: Sign at isolator adjacent to inverter

12. Inverter a.c Cable

The inverter a.c. cable is located between the inverter and the switchboard/distribution board that the
inverter is connected to. From the 2016 version of the AS/NZS 4777 this “board” is known as the Inverter

Energy Source (IES) Switchboard.

This cable is live but can be isolated by switching off the “solar” or “inverter” main switch in the

switchboard/distribution board (refer section 13).

33 | Solar Awareness For Tradespeople



13. Switchboard (or Distribution Boards)

The inverter is hard wired to either the main switchboard or a distribution board. In large buildings the PV
array will most likely be wired to the nearest distribution board. The result is that technically there are now
two a.c. supplies to the switchboard (or distribution), the grid power and the solar power.

When the solar systems inverter was connected to the main switchboard, the 2002 and 2005 versions of
AS 4777 (and previous ESAA guidelines) required the warning sign as per figure 52 to be installed in the
main switchboard.

WARNING
DUAL SUPPLY

ISOLATE BOTH NORMAL AND SOLAR
SUPPLIES BEFORE WORKING ON
THIS SWITCHBOARD

Figure 52: Warning sign in main switchboard

The main switch from the grid power was labelled “Normal Supply” as per figure 53.

Normal Supply
MAIN SWITCH

Figure 53: Normal supply main switch sign in main switchboard

While the main switch from the solar was labelled “Solar Supply” as per figure 54.

Solar Supply
MAIN SWITCH

Figure 54: Solar supply main switch sign in main switchboard
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When the tradesperson needs to turn power off to the building then the two main switches in the main
switchboard shall be switched off. If the solar system is connected to a distribution board, then the signs
as shown in figures 52, 53 and 54 shall be installed within that distribution board and the sign as shown in
figure 55 shall be installed in the main switchboard and every board between the mains switchboard and
the distribution board where the solar is connected.

WARNING
DUAL SUPPLY

ISOLATE SOLAR SUPPLY

AT DISTRIBUTION BOARD
DB 12A

Figure 55: Warning sign in main switchboard and all distribution boards between
main switchboard and distribution board connected to the solar system

When the tradesperson needs to turn power off to the building where a solar system is connected to a
distribution board then the power shall be turned off at the main switch in the main switchboard and then
the solar shall be disconnected in the distribution board where the solar is connected.

Turning off power and how to do it should be part of the tradesperson risk assessment for the site.

Though white writing on red had been typical for warning signs in electrical work, Australian Standards had
introduced black writing on yellow such that from about 2012 warning signs for solar began to change to
the black writing on yellow.

The 2016 edition of AS/NZS 4777 changed the words “normal supply” to “grid supply” as per figure 56 and
the words “solar supply” to “inverter supply” as per figure 57 while the new warning sign referring to the
two power sources is shown in figure 58.

MAIN SWITCH
(GRID SUPPLY)

Figure 56: Main switch for the grid supply as required in AS/NZS 4777 (2016)
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MAIN SWITCH
(INVERTER SUPPLY)

Figure 57: Main switch for the inverter supply as required in AS/NZS 4777 (2016)

WARNING
MULTIPLE SUPPLIES

ISOLATE ALL SUPPLIES
BEFORE WORKING ON THIS
SWITCHBOARD

Figure 58: Warning sign required in the switchboard as per AS/NZS 4777 (2016)

If the solar systems does connect to a distribution board, the isolator for the grid power is not the main
switch, that is located in the main switchboard. In accordance with the 2016 edition of AS/NZS 4777 the
switch in the solar system’s distribution board that is connected to the grid power via the main switchboard
(or other distribution boards) shall be labelled the Main Isolator as shown in figure 59.

MAIN ISOLATOR
(GRID SUPPLY)

Figure 59: Warning sign required in the switchboard as per AS/NZS 4777 (2016)
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In accordance to 2016 edition of the AS/NZS 4777 the warning signs that are located in the main
switchboard and all other distribution boards between that main switchboard and the solar distribution

board shall be labelled as per Figure 60.

WARNING
MULTIPLE SUPPLIES

ISOLATE INVERTER SUPPLY
AT DISTRIBUTION BOARD
IN PLANT ROOM

Figure 60: Warning sign required in the main switchboard and other distribution boards
as per AS/NZS 4777 (2016)
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14. Shutdown Procedure

The 2005 version of AS 5033 required all systems to include a shutdown procedure. This version of
the standard included an example of a shutdown procedure as that shown in figure 61. The shutdown
procedure shall be located at the inverter or the switchboard that the solar systems connects to.

SHUTDOWN PROCEDURE

1. Turn off the switch labelled ‘Inverter AC Isolator’
located next to the AC terminals of the Inverter

2. Turn off the switch labelled ‘PV Array Main Switch’
located next to the DC terminals of the Inverter

WARNING: DO NOT OPEN PLUG AND SOCKET
CONNECTORS OR PV STRING ISOLATORS
UNDER LOAD

PV ARRAY OPEN CIRCUIT VOLTAGE:

PV ARRAY SHORT CIRCUIT CURRENT:

Figure 61: Shutdown as per AS 5033 (2005)

The basic principle when shutting down a grid connected solar systems is to:

e  First: switch off the a.c. power from the grid, either via the inverter a.c. isolator beside the inverter or the
inverter (solar) main switch in the switchboard (or distribution board)

e Second: switch off the PV d.c. isolator being supplied power from the solar array at the inverter.

If the tradesperson intends to switch off power in the building and requires the solar system to be switched
off then they must follow the shutdown procedure.
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15. Battery Systems

In recent years more battery energy systems have been installed within houses and commercial/industrial
buildings in Australia. Most of these would be installed where there is also a solar system but this is not
necessary the case in all situations.

AS/NZS 5139 Electrical installations — Safety of battery systems for use with power conversion equipment
is due to be released later in 2019. While this standard has been in development the Clean Energy Council
released the guideline: Clean Energy Council Battery Install Guidelines for Accredited Installers.

The guideline requires the sign as shown in figure 62 to be installed adjacent to switchboards (or meter
boxes) on buildings where an energy storage system is installed.

Figure 62: This sign is on or adjacent to switchboard or meter panel

The battery system will be connected to an inverter which will supply a.c. power to the main switchboard
or more than likely a distribution board. This distribution board will include an inverter supply main switch
similar to one that was provided by the solar system’s inverter. In some installation it might be the same
main switch.

In accordance with the guideline a shutdown procedure shall be located:

e Atthe main switchboard; and,

e At the distribution board (where a BESS terminates into such); and,

e Adjacent to equipment to be operated (e.g. battery overcurrent protection)

If a tradesperson is working on a building with an energy storage and the power is required to be switched
off then the switchboard or distribution board connected to the battery energy storage system (BESS)
should be identified and the energy storage inverter main switch shall be switched off.

If working near the battery system then all warning signs shall be followed and if necessary follow the
shutdown procedure to switch the complete system off.

39 | Solar Awareness For Tradespeople



Who is GSES?

Engineering | Consultancy | Training | Publications

GSES was formed in 1998. GSES is a multi-disciplinary organisation specialising in professional services
and training across the Sustainable Energies sector and comprises a team of highly experienced systems
engineers, designers, installers and accredited trainers.

Collectively, GSES has over 100 years of local and global experience undertaking projects in Australia,
NZ, Asia, Africa and the Pacific Islands. As such, GSES has undertaken a diverse portfolio of work for
the Australian Federal, State and Local Governments, the New Zealand Government, NGOs and private
enterprises in works ranging from training, capacity building, engineering, design, systems audit and
feasibility assessment.

GSES is uniquely placed to provide unbiased consulting services without focussing on specific
technologies or brands as GSES does not engage in retail or commercial installation. GSES has experience
in both government and private enterprise in relation to system engineering, design, audit and education.

As GSES is headed by one of the founding directors who has over 30 years’ experience in the renewable
energy industry, GSES has used this technical expertise, historical and current market knowledge,
combined with diverse regional experience to deliver consultancy services to a wide range of commercial
and government interests.

GSES' team of experts consists of professionally qualified Renewable Energy System Engineers, Mechanical
Engineers, Electrical Engineers, Photovoltaic Engineers and Electricians. Amongst our personnel are
certified trainers and Clean Energy Council accredited designers and installers, some of whom are
recognised as pioneers and leaders of the solar PV industry.

The collective knowledge, skill and experience within our team sets us apart from other providers evidenced
by our work with governments and their agencies to assist in the development of renewable energy
businesses and projects in Australia and throughout developing countries contributing to the company’s
success during its 19 years of operation.

The team is led by GSES’ two directors, Geoff Stapleton and Chris Martell. Geoff and Chris have both
worked in the Australian and international renewable energy markets for over 30 years and 10 years
respectively.
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GSES Core Compentencies

Engineering — GSES offers a diverse portfolio of engineering services, and has extensive experience with
both government and private enterprise in relation to system engineering, design, and quality assurance.

System Compliance Inspections — GSES’ technical and industry experience has seen the company involved
in the development of the industry’s guidelines and checklists. GSES has conducted more than 8000 solar
PV systems inspections in Australia.

Research — GSES has written scholarly articles for various publications based on industry research.

Consulting and Capacity Building — GSES offers technical expertise, historical and current market
knowledge, combined with diverse regional experience to deliver consulting services to a wide range of
commercial and government interests.

Training — GSES is a registered training organisation (RTO) within the Australian Skills Quality Authority’s
Framework. All GSES training courses are developed and conducted according to nationally recognised
competency standards.

Publications — GSES has delivered several publications to the renewable energy industry that have helped
to form the basis of knowledge for many industry professionals at the university and technical college
levels. These publications include “Grid Connected PV Systems with Battery Storage”, “Grid Connected PV
Systems Design and Installation”, “Stand Alone Power Systems Design and Installation Training Manual”
and “Solar Sales: Grid Connected PV — An Industry Perspective”.
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