Best practice guide to the procurement,
deployment and maintenance of remote
off-grid solar power systems in the
Northern Territory and beyond

Written by Ekistica, in
collaboration with the Intyalheme
Centre for Future Energy
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REMOTE
OFF-GRID SOLAR
POWER IN THE
NORTHERN
TERRITORY

C

laiming some of the highest solar irradiance
levels in the world, the Northern Territory is
ideally placed to exploit the sun as a source of
renewable energy.
Organisations and commercial companies involved
in leveraging this opportunity have contributed to
a rich local history of innovation in the renewable
energy sector.
Alice Springs, which enjoys more than 300 sunny
days each year, was named a Solar City in 2008. It
was one of seven areas nationwide, chosen to be
part of the Australian Government’s $97 million
program which encompassed a range of renewable
energy and energy efficiency activities.
The Desert Knowledge Australia Solar Centre was one
of these Solar City projects, and to this day remains
the largest multi-technology solar demonstration
facility in the Southern Hemisphere.
Long before that, the Centre for Appropriate
Technology, an NT-based Indigenous NGO, was
leading another federally-funded renewable energy
initiative called Bushlight.
Bushlight managed the delivery of renewable energybased power systems in many remote Indigenous
communities of Central and Northern Australia,
greatly reducing dependence on diesel generation.
The Bushlight approach was widely praised for
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embedding community engagement, training and
quality assurance into the broader design and
procurement process for remote power systems,
and ensuring long term operation and maintenance
was a core consideration.
This guide leverages the expertise of those involved
in the Bushlight program, aiming to maintain and
share the valuable knowledge generated over more
than a decade.

Remote Outback Australia
If the Northern Territory was a country, it would be
ranked within the top 20 biggest in the world by land
mass. At 1.4 million square kilometres, it is bigger
than Peru or South Africa. The United Kingdom
could fit into this area five times, with room to
spare. Meanwhile, the Territory’s population sits at
well under 250,000. Most towns of that size are not
globally known, and the NT occupies a piece of land
the size of Western Europe.
Such a big space and so few people presents
significant logistical challenges, and the provision of
power is no exception. It is an expensive exercise to
traverse this desolate area at the best of times, with
wild weather, tricky road conditions and extreme
temperatures just some of the additional factors to
consider in the delivery of services to remote areas.
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An aerial view of Woodycupaldiya, 180km south west of Darwin

Over the past three decades or so, renewable
energy has become an obvious economic option
for power supply in remote areas, bringing a major
benefit of reduced reliance on diesel fuel. A plethora
of funding options has led to the installation of
renewable energy systems at hundreds of sites,
with responsibility for their upkeep falling to
various organisations.
Official gazetted communities are usually serviced
by the Northern Territory utility, Power and Water
Corporation. In 2019, Power and Water completed
its Solar Energy Transformation Program (SETuP).
With funding from the Australian Renewable
Energy Agency (ARENA) and the Northern Territory
Government, SETuP was a five-year project that
saw construction of solar power systems in 25
communities, to a total capacity of 10 MW. Other
large communities sometimes have renewable
energy systems or solar hybrid power systems that
are taken care of by the regional council.
Homelands and outstations are described by the
Northern Territory Government as interchangeable
terms used to describe places where small
populations live in remote areas, on lands to
which they have traditional ownership or historical
association. This guide focuses on the small-scale
systems found in these areas, and how some of
the challenges presented by the harsh climate, the
tyranny of distance, and finite funds for maintenance
can be addressed.
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The NT in numbers

40
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The size
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Peru, South Africa,
or Pakistan

Energising the outback

It’s not all sunshine and
renewables…

Nearly all essential services are reliant on electricity.
Electricity not only powers water and sewage
pumping and communications equipment, but also
provides power for everyday community needs
such as lighting, refrigeration, cooling, heating,
cooking and entertainment. It is clearly required to
run the commercial operations upon which remote
communities thrive.

While many stand-alone power systems (SPS)
based on PV/BESS were installed to either replace
or supplement existing diesel systems in remote
communities, over time many failed to deliver on
their promise to deliver low cost and reliable power
to these communities.

Traditionally remote communities have used
conventional diesel or gas fired generation to meet
their electricity needs. Well-managed conventional
generation systems provide a reliable power source
to many locations. However, access to fuel and
its unpredictable cost, along with the challenge of
maintenance, led to the consideration of alternative
sources of energy as far back as the 1990s. In the
remote NT, where there is plentiful sunshine, the
alternatives were primarily based upon solar or
photovoltaic (PV) technology with support from
Battery Energy Storage Systems (BESS).

In response, the Australian Cooperative Research
Centre for Renewable Energy (ACRE) and the Centre
for Appropriate Technology (CfAT) carried out an
extensive market survey into the deployment of
renewable energy systems. The survey, completed in
2000, identified issues with the use of these systems,
which were particularly acute for remote Indigenous
communities.
These included:
• H
 igh capital cost and difficulty accessing finance
and funding
• Poor reliability in remote locations
• L
 ack of maintenance and limited access to
experienced maintenance personnel
• Lack of backup generation and support systems
• M
 ismatch between demand for electricity and
capacity to supply
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The Bushlight response
The report prompted the creation of the Bushlight
Program, an Australian Government-funded
operation which ran from 2002 to 2013 which led
to the installation of more than 150 new standalone power systems across Central and Northern
Australia. It also oversaw the organised maintenance
of both the new systems, and existing systems at
more than 250 other sites.
Bushlight emphasised informing, training and
engaging the residents of communities to build
their social and technical capabilities. The program
centred on the belief that meaningful community
engagement would result in the appropriate design
and informed use of services and technology.
Bushlight worked to ensure the issues identified in
the ACRE and CfAT survey were addressed, and the
new power systems would not succumb to the
same problems in the future.
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The program was restricted to work within
Indigenous communities, focusing on the
following principles:
• S
 trong community engagement to determine
energy needs
• Emphasis on system quality and reliability
• Integrated demand management
• Competitive procurement
• Thorough system documentation
• T
 raining for system users, support agencies
and installers
• S
 cheduled system maintenance and remote
support
Funding for Bushlight was discontinued in
2013. The map above describes the breadth
of systems it delivered and the coverage of its
maintenance program.

The post-Bushlight era
With the closure of the Bushlight program in
2013, the responsibility for the deployment and
maintenance of stand-alone power systems in
remote Indigenous communities largely fell to
the various regional councils and Indigenous
corporations each outstation was associated with.
The funding landscape is complex, and essential
service providers are expected to deliver big results
with comparatively small funding. Some agencies
lack the technical know-how to procure and
maintain stand-alone power systems.

Some of the issues identified in the original ACRE/
CfAT report (2000) continue to hamper efforts
to provide reliable, affordable power to remote
areas. In this context, the lessons learnt from the
Bushlight era, about how to effectively deploy and
maintain stand-alone power systems in Indigenous
communities, is of even greater relevance.
In the harsh conditions of Outback Australia,
there are unique challenges which can often be
overcome with local knowledge. Due to the transient
population of the Northern Territory, corporate
memory can be lost when employees move on.
Sharing knowledge ensures the continued provision
of reliable power, improving livelihood choices and
quality of life for Indigenous people.
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AN
INTRODUCTION
TO STAND-ALONE
POWER SYSTEMS
S

tand-alone power system (SPS) is a broad term,
loosely referring to all power systems that operate
independently from the larger distributed power
networks commonly referred to as “the grid”.
Stand-alone power systems range in size from small
residential-scale systems, right up to large systems
with their own high voltage network that run whole
towns or mine sites. This guide is focused on the
smaller systems used in remote communities,
outstations, cattle stations, tourist facilities and so
on. However, many of the observations and findings
described are broadly applicable across all power
system scales.

• A
 n integrated part of a hybrid system
(diesel/renewable/battery)
• A
 backup generator for the renewable/battery
system
Renewable energy generation can come in many
forms, but for remote communities in Outback
Australia the only options that have demonstrated
any success are photovoltaics (PV), wind, and hydropower turbines.
The most suitable technology depends on factors
including:

The major components of a stand-alone power
system fall into the following categories:

• T
 he level of the available resource (sun, wind,
water flow)

• Power generation

• Capital and operational costs (CapEx and OpEx)

• Energy storage

• Reliability, complexity, scalability etc.

• Power conditioning

Central and Northern Australia has among the
highest levels of solar irradiance in the world.
This, alongside its relative simplicity and low cost,
makes solar PV technology the only realistic choice,
especially as there is neither sufficient wind or water
resources in this area.

• System control and monitoring
• Power distribution and end use

Power generation
The equipment that generates electricity in remote
communities is generally limited to conventional
generators or renewable energy generation
via photovoltaic modules, wind turbines or
hydro-power turbine.

In nearly all communities this technology is installed
as flat plate PV modules on fixed ground-mounted
or roof-mounted array frames. This fixed flat plate
type of installation is the most common and reliable
installation and can be expected to operate for
upward of 25 years with limited maintenance.

Conventional generation refers to petrol, diesel or
gas-fired generators. These technologies are
generally well understood and, when well-fuelled and
maintained, can provide reliable power. Compared to
the renewable alternative, they have low capital costs
but high running costs due to their fuel consumption
and regular maintenance requirements.

An obvious downside of PV technology is a
compromised ability to generate power at night,
or during periods of extended overcast weather.
In stand-alone power systems (SPS) this issue is
overcome by coupling the PV with an energy storage
system, which allows the PV-generated energy to
be stored for later use.

Conventional generators can be found in some
form in nearly all stand-alone power systems, used
as either:

10

• The primary source of power

A solar water pumping
station at Bulgul, NT.
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Energy storage
The most common Battery Energy Storage System
(BESS) that can be currently found in remote
communities is the lead acid battery. Lead acid
batteries are an established and well-understood
technology, and the modern Valve Regulated
Lead Acid (VRLA) battery provides reliable and low
maintenance energy storage for many SPS.
New BESS technologies include lithium-based cells,
which have some advantages. They are much lighter,
have a higher effective energy density and very
different charge and discharge profiles. However,
they lack the proven long-term reliability that VRLA
cells can demonstrate. Lithium-ion cells are also
sensitive to high temperatures and most suppliers
provide temperature-controlled enclosures to
house their batteries and prevent negative thermal
impacts. This added infrastructure and complexity
is not always suitable for remote communities,
especially the smaller settlements.

At the time of writing, VRLA cells remain the safest,
cheapest and most reliable BESS option for SPS in
remote communities. However, this is expected to
change. The cost of lithium-based battery storage
is projected to fall in the near future. Widespread
deployment will offer opportunities to better assess
their reliability in remote areas and harsh climates,
and in particular their thermal performance.

Power conditioning
A stand-alone power system needs to deliver singlephase or three-phase AC power at the nominal
voltage of 230/400 V and 50 Hz. It also needs to
manage the charging and discharging of the energy
storage system in a way that will optimise the
efficient use of energy and ensure its longevity.
The key power conditioning hardware used to
achieve this goal are charge controllers and inverters.

Charge Controllers:
•
•
•
•

A
 lso known as charge regulators, they are standard enabling kit for all battery energy systems.
T
 heir primary purpose is to manage the charging and discharging of the battery storage system.
T
 hey ensure the efficient use and long life of the battery system.
T
 hey prevent overcharging, undercharging and excessive discharge to the load, and manage the charging
profile to optimise the charge cycle to be most efficient.
• C
 harge controllers usually sit at the interface between the generation sources, the load and the energy
storage system.
• C
 harge controllers are commonly a standalone hardware but can come integrated with the inverter
hardware.

Inverters:
• T
 he function of a basic inverter is to convert the DC electricity from the PV modules and batteries to AC
electricity where it can be exported.
• In the absence of generator operation, they are also responsible for the “formation of the grid”, which is to
say they become the primary power source and establish the voltage and frequency upon which the local
power distribution network, or grid operates.
• In systems where generators form a key part of the power system, inverters are also required to be bidirectional and convert AC power back to DC power so it can be stored by the battery bank.
• Inverters are commonly integrated with charge controllers or battery chargers, and take on the important
role of managing the charging and discharging of the battery banks.
• Inverters generally have additional strong functionality in monitoring and controlling of the overall
function of the SPS and can therefore be seen as the central hub in the SPS wheel.
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Inverters can be broadly grouped into three categories:
• B
 asic off-grid inverter: Unidirectional inverter used
for converting DC output from PV arrays and battery
bank into AC. Grid-forming. DC coupled systems only.
These largely older style inverters and relatively
uncommon in new SPS.

Inverters and charge
controllers in a
community SPS

• S
 olar/Grid Tied Inverter: Unidirectional inverter used
for converting DC output from PV array into AC.
Commonly has integrated Maximum Power Point
Tracking (MPPT) to increase efficiency and general
utility. Grid following. AC coupled systems only.
• I nverter Charger: Bidirectional inverter used in
hybrid SPS. Designed to synchronise/integrate with
conventional generator output, and follow and
assist the local grid. In the absence of conventional
generation, it is itself grid-forming. Its other
major role is to manage battery charging from the
generator, and discharging to the load. There are AC
and DC coupled variants.
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SYSTEM
CONFIGURATION
W

hen all the components formally listed above
are brought together into a system, additional
consideration is required to determine what the most
appropriate configuration of the SPS is, for the size
and nature of the community.

a distributed power system is multiple individual SPS
all separately located at houses and buildings across
the community. Such distributed sub-systems are
generally independent of one another and lack any
interconnection.

The three considerations for this are:

For larger communities, centralised systems are the
standard approach for the following reasons:

• Centralised vs Distributed
• Hybrid vs Non-Hybrid

• Per-unit cost of energy delivery is cheaper.

• DC vs AC coupled

• T
 he existing diesel generation is more often than
not already set up as a centralised system, with
the reticulated power network and household
metering already available at the time of PV and
BESS integration.

Centralised vs Distributed
A centralised SPS is one in which the PV array, the BESS
and the diesel generator are all centrally co-located
in a single power station, with the power output
delivered across the community to all the connected
buildings via a reticulated power network. By contrast,
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• O
 peration and maintenance can be centrally
managed.
Given the advantages noted above, the deployment
of distributed generation would seem an unlikely

approach, however, there are several situations where
this provides a more desirable outcome, including:
• In smaller communities, with only a handful of
houses, the distributed option may be cheaper.
• C
 ommunities with no existing reticulated power
network. The additional cost of installing this
network can be prohibitive. i.e. communities with a
large geographic spread.
• C
 ommunities which have poor cohesion and high
conflict. Centralised systems require a degree of
intercommunal cooperation to effectively function
and maintain equitable access to power (noting that
technical demand management responses can also
provide this but at additional cost). If this is absent,
distributed systems provide a solution that is unable
to exacerbate an existing conflict.
Other than higher cost, the key issue with distributed
generation is that integrating diesel can be impractical.
It requires that either every house has its own small
diesel generator, or that a centralised diesel generator
with a reticulated power network is retained or installed.

Hybrid vs Non-Hybrid
In the context of PV/BESS/Diesel stand-alone power
systems, the term “hybrid” generally refers to the full
integration of a diesel generator with the PV and BESS
components of the system as an essential element
of the overall generation. In a hybrid SPS the diesel
generator will typically contribute between 10 and
70 per cent of the net generation, and the reliable
operation of the plant is not possible without the
diesel unit.

In contrast, a “non-hybrid” SPS may include a diesel
generator but it does not rely upon it. Non-hybrid
systems typically provide more than 95 per cent of
their energy through PV generation, which is either
directly delivered to the load or stored in the BESS for
delivery to the load at a later time.
The decision to proceed with a hybrid or non-hybrid
system is subject to a number of factors, the most
important of which are:
• L
 ife cycle cost: At the time of publication, the capital
cost of diesel generation relative to the capital cost
of a BESS is low. However, the operational cost for
diesel generation (fuel and maintenance) can be
very high, and when examined over the life cycle of
both these options the BESS may be cheaper. There
are many factors to consider in determining the
lowest life cycle cost of these options, but by far the
most important is the cost of fuel. The lower the
cost of diesel, the more attractive the hybrid option.
The higher the cost of diesel, the more attractive
the non-hybrid option.
• O
 &M capacity: Reliable operation of a hybrid system
depends upon reliable operation of the diesel
generator. In a hybrid system the diesel input is
a critical part of the system energy delivery, so if
there is even the slightest doubt about the capacity
of the community or its support agency to operate
and maintain the diesel generator effectively, then a
hybrid system should be reconsidered in favour of a
non-hybrid system.

CENTRALISED PV SYSTEM CONFIGURATION
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DISTRIBUTED PV SYSTEM CONFIGURATION

Power distribution
The distribution network carries power from the
central power system to the point/s of consumption.
This critical part of a stand-alone power system can
often by overlooked. The three elements involved are
the distribution network, consumer switchboards, and
building wiring and sub-circuits.
The Distribution Network: These networks are typically
either overhead or underground, or a combination
of both. When set up correctly, underground power
networks are generally favoured because they are
more robust, safer and easier to maintain. They are
typically more expensive to install than overhead
power lines.
Consumer Switchboards: Each load point or consumer
building requires both a switchboard and a meter.
This switchboard provides a secure point of
connection for the building to the power system, the
housing for the electrical protection hardware and
earth connection, a distribution point for the building
circuits, housing for the consumer meter and demand
side management controls.
Building Wiring: Electrical safety is the first
consideration for the wiring of all buildings. Historically
the quality of building wiring in Indigenous housing
has been poor, prompting ongoing concern for the
householder and maintenance personnel. Where it
is not already compliant, the wiring in all connected

16

buildings must be brought up to a basic safety and
functional standard as determined by AS/NZ 3000.
Failure to do so will mean the electrical contractor
would be unable to sign off on any power connection
to a given building.

DC vs AC coupled systems
The traditional configuration for a stand-alone power
system is DC coupled. These systems have both the PV
array and the BESS connected via charge controllers
to the DC side of the main system inverter/charger.
In recent years, quite a few technology suppliers have
developed AC coupled configurations. In these, the PV
arrays have their own independent solar inverters that
connect directly to the AC side of the main inverter
charger, with the BESS connected to the DC side of the
main inverter charger.
Each approach has its benefits and its drawbacks:
• A
 C coupled configuration can provide additional
efficiencies in terms of powering the community
loads, and flexibility in potentially deploying
distributed solar across a community.
• D
 C coupled systems are arguably more robust in
terms of ensuring effective battery charging.
Both approaches have validity and can be reliably
deployed. With access to quality hardware, the choice
between AC and DC couple is non-critical.
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System monitoring and control
Most stand-alone power systems have an element
of system monitoring and control, which varies
from site to site. The hardware includes charge
controllers, inverters, generator controllers,
distribution board (load management and
metering) and end-user switchboards.
The purpose of such monitoring is to:
• E
 nsure the delivery of high quality and
reliable power
• E
 nsure effective management of the energy
storage system for longevity
• P
 rovide short-term data for troubleshooting
and maintenance, and long-term data for
understanding system performance and usage
• D
 irect live feedback to system users,
informing them of operational issues
• F
 acilitate load management and billing
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PROJECT
IMPLEMENTATION

U

nderstanding a project’s purpose, the recipient
community and the amount of money available
is crucial in determining its feasibility and desirability.
It is an iterative process that overlaps with the
community engagement and design work. As a first
step it is critical to understand why the stand-alone
power system (SPS) project should proceed. What is
its purpose and what is it trying to achieve? Common
rationales for deployment include:
• C
 ost saving: Primarily through the offset of diesel
generation and fuel consumption
• H
 edging: Proofing against potential increases to
diesel pricing in the future
• R
 eliability: A well designed and installed PV/BESSbased SPS requires little ongoing maintenance and
can be significantly more reliable than a dieselbased power system that is not well maintained
and/or relies on remote fuel delivery
• E
 nvironmental: Desire to reduce diesel use and
greenhouse gas emissions
• N
 oise reduction

Project sustainability
The installation of a stand-alone power system is a
long-term investment, and it is important for project
developers to be confident about sustainability on a
number of different levels: financially, technologically
and in terms of governance. Is the available funding
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sufficient to support the project over its full life
cycle? This includes not just the system installation
but consideration for the long-term operation and
maintenance of the system. Is the design suitable
for long-term system operation, and how can it
be effectively maintained? Are the organisational
structures in place within the community or the
community support agency, to effectively support
and maintain the system over the full project
life cycle?
Understanding and addressing each of these
considerations provides a strong basis upon which to
build a successful project. Whether this assessment
is completed formally through a feasibility process
which includes a full life cycle cost analysis; or
whether it is a matter of checking the project against
the above criteria will depend on the nature of
the proposed system, the capacity of the project
proponent, and any requirements of the funding.

Target community
If there is a choice in which community would
benefit most from a stand-alone power system,
considerations should include its needs and
requirements for power, its capacity to manage a
stand-alone power system, the community’s interest
and engagement, the strength of governance and
support structures, and the physical practicalities of
delivering a project to the site.
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• C
 ommunity engagement and site assessment:
assessing the capacity of the community to
contribute to system O&M is needed at this stage.
Additionally, it is important to determine the
availability of on-site communications access, or the
lack thereof.
• S
 ystem design: this is a critical stage in planning
system O&M. Design decisions around the selection
of hardware, system configuration, layout and
integration all have impacts down the track in terms
of O&M. At this point, the requirements for remote
monitoring and communications are defined.
• P
 rocurement and installation: at this stage, the
project contract can be used to specify and lock in
commitments for system maintenance. Also, the
quality of the final installed SPS will have significant
impacts on its maintenance. Poor quality systems
will require much higher maintenance.

Funding requirements

Considering operation and
maintenance at the planning stage
Operation and maintenance (O&M) should not be an
afterthought; rather it should be an integral part of the
whole deployment plan. If a funding commitment is
to be made, it should include O&M. The SPS should be
viewed in the long term, with O&M a consideration at
all stages:
• P
 roject conception and feasibility: an understanding
of the required amount and the source of the
funding for O&M needs be included at this point.

Project Stage
Project conception and
feasibility
Community engagement
and site assessment
System design
Procurement and
installation
Operation and
maintenance
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Timeline

Once it’s been determined where the money to
progress the project is coming from, there are
other factors that need consideration. Are there
any requirements attached to the funding? Does
the funding cover the full project life cycle, i.e. from
community engagement through to long term
operations and maintenance support? If not, then
how will these other project stages be funded?

Rollout
The rollout of SPS into remote communities is best
approached as a multistage process. These stages
are interconnected, at times overlapping, and can be
broadly grouped follows:

SIZING AND
COSTING A
STAND-ALONE
POWER SYSTEM
T

he entire project lifecycle should be considered in
funding a stand-alone power system:

• Project conception and feasibility
• Community engagement and site assessment
• System design
• Procurement
• Installation (CapEx)
• Operation and maintenance (OpEx)
Quantifying these costs can be difficult. It is dependent
on the nature and capacity of the community, its
geographical location, required timing, and specific
requirements of any external funding. Also, whether
the rollout is for single or multiple sites, and the
capacity of the deploying agency to manage these
processes internally versus engaging outside expertise.
Successful project management will require time and
travel, to complete the community engagement and
assessments, the system design and general oversight.
Less uncertain are the CapEx and OpEx costs. The
following table provides some very basic sizing and
costings for PV/BESS based SPS (diesel back up only).
Design Load (kWh/day)

They assume a basic design load, which represents
a minimum quantity of electricity that can be reliably
delivered to the community every day. The PV capacity
is the typical size of an array that would be used to
deliver the electricity for the various design loads,
and the BESS sizing is the nominal required capacity
for energy storage. The BESS capacity in this example
assumes that VRLA cells will be used, they will provide
a minimum of two days of autonomy and that the
BESS will be cycled such that it will last approximately
10 years.
The OpEx costs assume local personnel in the
community will monitor the system and carry out
basic maintenance. Also that a competent contractor
is engaged, who will provide remote monitoring and
support, and engage in a scheduled annual visit. It
doesn’t include costs associated with unscheduled call
outs or long-term component replacement (i.e. BESS
at 10 years). The range in pricing accounts for specific
variations associated with the SPS location, access
issues, site specific conditions, quality of design and
installation, and other factors.

10

20

30

50

70

6

12

18

30

42

BESS Capacity (kWh)

44

88

132

220

308

CapEx Cost Range ($)

$55K-75K

$125-150K

$200-230K

$300-370K

$450-550K

$5-10K

$8-15K

$10-20K

$20-30K

$35-45K

PV Capacity (kWp)

Annual OpEx Cost ($/kWh)

For hybrid SPS with integrated diesel generators these costs will look different. The capital outlay will be less,
but the ongoing costs associated with fuelling and maintaining reliable diesel generation will see the OpEx
cost increase dramatically.
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Helping the community to work through energy budgeting, to determine their needs.

System sizing and community load
Sizing a PV/BESS/diesel system correctly is a complex
process and a detailed explanation is largely beyond
the scope of this guide. The starting point however
is to gain a solid understanding of the community’s
electricity consumption. This can be represented by
the following parameters:
• total volume of the community load (kWh/day),
• the daily demand profile (kW),
• the seasonal demand profile (kW/kWh)

By completing a load assessment of each individual
building in the community and then summing all of
all these individual loads, a net community load upon
which to base the sizing of the SPS can be formed.
Determining the size and profile community load can
be complicated and it is important to understand the
wider context. The average residence in the NT has
a daily electricity consumption of approximately
20 kWh/day. However, this value represents typical
urban and grid-connected households. Electricity
consumption in remote communities, particularly
Indigenous communities, is more complicated.

8
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24

PV to Load

BESS to Load

Diesel to Load

PV to BESS

PV Spill

It is subject to additional factors such as limits on
access to alternative fuels (e.g. gas for cooking),
reduced incomes and capacity to pay for electricity,
and poorer quality housing - which has a strong impact
on the effectiveness of cooling and heating loads.
It is also worth noting that as a baseline, the provision
of 10kWh per day of electricity to a three or fourbedroom household would be sufficient to run the
following typical loads:
• Refrigerator:
	
good quality, energy efficient and
affordable model with working seals
• Chest
	
freezer: good quality, energy efficient and
affordable model with working seals
• Household lighting: all rooms
• Ceiling fans: bedrooms and living spaces
• C
 ooking appliances: kettle, toaster and electric
fry pan
• Pressure pump
• Washing machine
• Entertainment: TV, stereo, radio
These loads represent a baseline electricity
requirement. Some common loads that are missing
from this list are electric hot water heating, electric
stoves, and air conditioning. These loads are all
significant consumers of electricity. Between them
they can easily add another 10 to 20 kWh per day in
electricity demand per household. As a general rule it

is not cost-effective to use PV and BESS based systems
to meet such loads. Where possible, alternatives such
as solar or gas water heating, gas cooking and fans
should be deployed. If this is not possible then full
hybrid integration of a diesel generator into the
SPS to manage this high demand is the most costeffective approach.

Cost recovery
Most communities pay for their electricity and other
energy services in some way. The size and nature of
these payments varies widely, from no contribution
at all through to regular contribution from each
community household. Sometimes the community
pays for diesel fuel costs or payments are facilitated
through card meters within households, which activate
access to electricity. The decision on whether or not
to recover costs for electricity consumption will be
dependent on the community or support agency. As a
basic principle it is generally recommended that there
is a cost applied to end-users for their electricity, for
the following reasons:
• Improves
	
the financial sustainability of the system
with the revenue raised being used to help pay for
ongoing O&M.
• Encourages
	
end users not to waste electricity and it
incentivises the use of energy-efficient appliances.
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5 DAY PV BESS PROFILE
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• Helps
	
to ensure a system’s limited capacity is more
equitably shared across the community.
It is unlikely that full cost recovery of the CapEx or
OpEx can be achieved, as the contribution or tariff
would have to be punitively high. However, even a
moderate tariff or contribution is likely to achieve the
benefits listed above.

Rebates and incentives available
STC: Stand-alone power systems that have PV array
sizes less than 100kW can be eligible for Small-Scale
Technology Certificates (STC) under the Australian
Government’s Small-scale Renewable Energy
Scheme (SRES):
www.cleanenergyregulator.gov.au/RET/Schemeparticipants-and-industry/Agents-and-installers/
Small-scale-technology-certificates
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LGC: Systems with PV arrays larger than 100kW are
potentially eligible for Large Scale Certificates (LGC)
under a sister scheme to the SRES:
www.cleanenergyregulator.gov.au/RET/Schemeparticipants-and-industry/Power-stations/Largescale-generation-certificates
Small-Scale Technology Certificates are a moderate
rebate that is usually accessed by the system installer
who then provides this as a discount to SPS owner or
funder. Large Scale Certificates are a significantly more
complicated vehicle. They require the system to be
registered as a power station with the Clean Energy
Regulator, and then monitored and managed over
its lifetime. For systems only marginally larger that
100kW, the administrative burden of this approach
is a significant discouragement and only barely
outweighs the benefit. Projection for the value of
the LGC beyond 2020 is poor.

27

AVAILABLE FUNDING
FOR RENEWABLE
ENERGY PROJECTS
IN THE NT

T

he engineers who worked on Bushlight credit
the project’s success to long-term funding, which
included provision for maintenance. As at 2019, the
ongoing maintenance of the 150+ Bushlight systems
in the Northern Territory is delivered through
the Outback Power program, funded through the
Department of the Prime Minister and Cabinet. The
Outback Power program also takes care of legacy
systems installed with Federal Government funding.
Where maintenance of other systems in remote
communities and outstations is concerned, funding
generally comes from the Northern Territory
Government, distributed to various service providers.
Many of those systems were installed under
ATSIC (the Aboriginal and Torres Strait Islander
Commission) which was active prior to Bushlight.
Funding for new infrastructure can be accessed
through Special Purpose Grants, the Aboriginals
Benefit Account, through IBA loans, or with money
managed by the land councils.
The installation of new systems can be funded in
any number of ways. Communities can use income
streams from the sale of art, tourism ventures,
ranger programs, carbon farming, and so on,
while land councils can assist in the use of royalty
money from mining and national parks. Service
providers are likely to draw on the Northern Territory
Government’s Homelands Program, while the
Australian Government offers another avenue to
fund new infrastructure, through the Aboriginals
Benefit Account.
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Organisations involved and a brief description of
their areas of responsibility:

Northern Territory Government
(NTG)
The Northern Territory Government funds 37
service providers to deliver Municipal and Essential
Services (MES) to 383 homelands across the NT,
including the maintenance of renewable energy
systems. They facilitate this through the Homelands
Program, which is ongoing funding allocated in each
budget. In the 2019/20 budget $21.6 million was
allocated for the provision of MES in homelands and
outstations. In about 40 per cent of the locations the
renewable energy system maintenance is covered
by the Outback Power program. However, when
replacement infrastructure is needed, the NTG
Homelands Program will get involved through MES
Special Purpose Grants.

Service providers
Funding is allocated to service providers per
homeland on a formula basis. The funding comes
from the NTG Homelands Program. Locations
serviced by Power and Water Corporation are
allocated less funding; the level of funding also
takes into account remoteness and distance. Service
providers can be regional councils, Aboriginal
corporations or private contractors. They can apply
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for one-off MES Special Purpose grants for system
upgrades, as well as having the opportunity to apply
for grants through the Aboriginals Benefits Account.

Outback Power program
(Australian Government)
The Department of the Prime Minister and Cabinet
launched the Outback Power program in 2014, to
provide scheduled and unscheduled maintenance to
about 250 off-grid solar power systems across Western
Australia, the Northern Territory and Queensland.
It was preceded by the Remote Indigenous Energy
Program, and covers the systems installed under
the Bushlight program. The Outback Power program
is currently funded until 2022. The Service Provider
is currently Ingkerreke Commercial, an Aboriginal
owned Corporation, Alice Springs-based construction,
fabrication and project management company. The
Outback Power program is funded by the Remote
Australia Strategies Program. It does not fund new
installations or full replacement of infrastructure.
Most installations are hybrid renewable energy
systems with the generators provided and maintained
by the resource agencies.

Aboriginals Benefit Account
(Australian Government)
The Aboriginals Benefit Account (ABA) is managed by
the Department of the Prime Minister and Cabinet.
Applications for funding for one-off projects that will
benefit Indigenous people in the NT are called for
twice each year. In addition to the grants program,
the ABA also supports special projects, such as the
ABA Homelands Project; a $40m program to deliver
infrastructure to homelands and outstations across
the NT. A rigorous process is in place to select projects
for funding, involving formal assessment and support
from the ABA Advisory Committee; made up of senior
Traditional Owners from each of the NT’s land councils.

Land Councils
The Northern Land Council, Central Land Council,
Anindilyakwa Land Council and Tiwi Land Council are
representative bodies with statutory authority under
the Aboriginal Land Rights Act (Northern Territory)
1976, and additional responsibilities under the Native
Title Act 1993 and the Pastoral Land Act 1992. These
organisations support Aboriginal people to manage
their land, make the most of opportunities and
promote their rights. Income received from land use
agreements can be used to deliver infrastructure, as
determined by Aboriginal people. Land councils often
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work closely with outstation service providers who
can apply for additional funding through the NTG
Homelands Program (MES Special Purpose Grants).
There is also funding available through the Aboriginals
Benefit Account.

IBA renewable energy loans
Indigenous Business Australia (IBA) has a renewable
energy loan product that has been developed
specifically for remote Indigenous communities.
This product enables communities to realise the
benefits of renewable energy today without the
upfront cash outlay. The most common renewable
energy technologies that IBA provides financing for
are solar PV systems and energy storage technologies,
such as batteries.
The IBA renewable energy loan product includes the
following features and eligibility criteria:
• F
 ive to seven-year chattel mortgage, meaning
ownership of the asset is transferred to the
customer at the commencement of the agreement.
• Competitive interest rates.
• F
 inance only for Indigenous businesses or
organisations.
• M
 andatory quality control on system suppliers and
system design is required.
• S
 ystem maintenance obligations rest with the
customer, with training and support provided at the
time of install.
• A
 s part of IBA’s responsible lending obligations,
credit checks are undertaken on all potential
customers seeking to enter into a loan agreement.

For more information, call IBA on 1800 107 107 or
submit an enquiry through the website at www.iba.
gov.au/email-us

Community residents
learn about their SPS

COMMUNITY
ENGAGEMENT
AND LOCATION
ASSESSMENT
D

irect engagement with the target community is a
fundamental requirement to a successful project.
It provides an opportunity to explain the proposal
to the community, and understand the community’s
particular circumstances and thereby ensure the SPS
design meets the needs and capabilities available
to operate and maintain the system. Community
engagement is generally carried out alongside a full
site assessment in which the information required to
feed into the system design and procurement stages is
also gathered.
Community engagement can entail various degrees of
effort but a fundamental outcome should always be
the delivery of information to residents covering the
following key topics:
• A
 n explanation of the proposed project so it can be
understood by the community in terms of benefits
and limitations.

• Identify what responsibilities associated with the
operation and/or maintenance of the SPS can be
allocated to the community.
• C
 hanges in and dependencies to supply costs (tariff).
• A
 general technical explanation of the proposed
system.
• P
 otential opportunities for involvement in system
installation and maintenance.
• M
 anage unrealistic expectations on what the
proposed SPS may be able to deliver within the
available funding.
• D
 etermining if and how residents will pay for the
energy service.
• F
 ormal sign-off around key commitments and
agreements.
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aspirations, energy access and equity, minimum
energy service levels, energy management and
balancing wants versus needs. Often, additional work
will need to be done to build people’s understanding
of electricity consumption for them to actively engage
in such discussions.
Assessment of existing infrastructure: How existing
site infrastructure may be integrated with a new
SPS can be determined through an assessment of
the following:

A community WiFi hotspot, powered by solar

Site assessment

• P
 ower generation and distribution network
• E
 xisting buildings (status structure, switchboards,
electrical cabling, fixtures etc)
• Identification and selection of a site for the new SPS
(considering community plans, security, flooding,
orientation, cyclones, lightning protection)

Gathering all the information that feeds into the
design and procurement stages can represent a
significant amount of work. However, measurements
and observations are crucial if an appropriate and
successful deployment is to be achieved.
Electricity demand: Understanding the quantity and
profile of electricity demand is essential if a SPS is
to be designed so it that can confidently meet the
community’s requirements. The common approach
to this assessment is to audit each building in a
community to determine the quantity, type, rating
and times of usage of all appliances and fittings.
Then calculate a daily quantity and profile of electricity
consumption for each building and then sum these
to produce a net quantity and profile of electricity
consumption for the whole community. Gathering and
verifying this information however can be difficult and
accessing any historical meter data (if available) can
simplify this greatly. Other considerations that need
to be made are;
• U
 nderstanding seasonal impacts on the load
• H
 ow changing occupancy impacts on the load
• U
 nderstanding expectations for growth or decline in
current demand
• D
 etermining opportunities and agreement for load
shifting and demand management
• W
 orking with the community to explain and
explore practical options for reducing electricity
consumption. This is particularly important as
minimizing electricity demand, through practical
energy efficiency is the most effective way to reduce
the cost of the deploying a SPS.

These assessments should then inform the following
activities:
• D
 eveloping a map of the existing site
• D
 eveloping a layout/plan for the proposed system
and how it will integrate
• D
 etermine what upgrade works may need to be
completed, to allow for the effective deployment
and integration of the new SPS
Deployment considerations: A map of the community
and location for the proposed system should be
developed. Access constraints can come in the form of
wet season road closures, road conditions and vehicle
limitations, freight access and airstrips. With regard to
the community itself, it is important to consider access
to facilities such as accommodation, potable water,
toilets and showers for contractors, communications,
and water for concreting, as well as access to and
availability of local labour.

Community considerations: Understanding community
perspectives will allow for a more accurate demand
assessment and help identify community willingness
to deploy energy efficiency and management options.
Areas to explore include community plans and
Access constraints and other logistical
challenges should be identified early.
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SYSTEM
DESIGN
D

eploying a stand-alone power system (SPS) is
a significant investment, not just in terms of
monetary value, but also in community trust. Failure
to deliver an appropriately designed system can result
in power outages, high maintenance and diesel costs,
and significant community frustration. Therefore, it
is very important that the system is designed well,
to meet the reasonable needs and aspirations of the
community it will serve.
Designing a stand-alone power system is a specialised
task that should only be undertaken by those with the
required training and experience, and with access to
as much information about the site as is possible.
The peak body for the solar industry in Australia is
the Clean Energy Council (CEC). The CEC is responsible
for the accreditation of designers and installers of
both grid-connected and off-grid PV and BESS based
power systems. It is advisable that the selection of a
designer for any SPS should be made from CEC’s list
of approved off-grid system designers.

Design principles
The overarching aim of the design process is
to establish a reliable, effective and financially

sustainable SPS at the community. The following
general design principles should be observed:
• S
 afety: All design, installation, operation,
maintenance and other activities associated with
the system should be planned and implemented to
ensure the safety of all personnel involved.
• R
 eliability: The SPS should be designed to
suit the environment in which it is installed, to
achieve a minimum functional life of 25 years (not
including battery, inverter and/or diesel generator
replacement). System components should be
selected for known quality and demonstrated
performance in Australian remote environments.
All products deployed should be designed to a
sufficiently robust capacity and have inherent
protections built in to prevent overuse of the system
and premature component failure.
• U
 sability: The SPS should include an interface
that is easy, intuitive, informative and within the
capabilities of the intended primary system users to
read. Simple user interfaces should be developed to
assist operation, alongside a comprehensive set of
supporting documentation covering safe and proper
system operation and maintenance.
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• P
 ortability: The size and weight of all key
components should be considered and selected to
allow for easy transportation to a remote location,
and manual handling to and from the site, for
the benefit of both installation and possible later
replacement.
• M
 odular/scalable: The modular approach allows
the combination of any number of generation
modules and energy storage modules so the system
configuration can be adapted to a wide range of
community sizes and load requirements. If future
load growth is expected within the life of the system,
then the system should also be designed to be able
to accommodate additional generation without
significant modification.
• S
 tandardisation: Where any given organisation is
responsible for the deployment and management
of multiple systems, standardisation should be
observed. Standardised system architecture, design
process and system hardware will ensure that all
systems deployed across remote communities are
generally similar and thus fully compatible and
interchangeable. Standardisation of systems across
multiple communities allows for much easier and
cost-effective management and maintenance.

• T
 emperatures from -5C to 50C
• H
 igh relative humidity levels (up to 95% in
some areas)
• H
 igh winds and cyclonic conditions
• P
 otential flooding or inundation
• H
 igh levels of dust
• Insect and vermin infestation
• H
 igh incidence of lightning strikes – which require
appropriate surge and lightning protection.
System configuration: As described previously in
this guide, there are a range of system configuration
options that need to be clarified in the final system
design. These choices have a strong impact on
system design:
• C
 entralised v Decentralised
• H
 ybrid v Non-Hybrid
• A
 C coupled v DC coupled

General design considerations

Key components

The level of design: A full and detailed system design
is required prior to the installation of a SPS. A full
design can be completed by the project proponent,
who then issues it to market for installation. A more
common, and arguably more effective, approach is
for the project proponent to develop and issue an
indicative design to the market that requires potential
contractors to provide a full design and install
solution. This latter approach has many advantages,
as it allows the market to determine the most costeffective solution; it encourages innovation; and
it shifts the responsibility for the outcome to the
installation contractor. Professional support for the
project proponent is important to ensure the design
submissions are well understood and assessed for
suitability prior to approval.

There are a range of components that need to be
selected and sized as part of a PV system design.
This includes everything from the PV modules, framing,
inverters and BESS, through to balance of system
(BOS) equipment such as cabling and enclosures. As
noted in the section on design principles, the primary
consideration for component selection for a SPS in a
remote area is reliability.

Available resource: PV-based power system generation
is totally dependent on the volume of available solar
irradiance. Despite most remote areas of Central and
Northern Australia having amongst the levels of solar
irradiance in the world, the levels are impacted by daily
and seasonal variations. This variability in the resource
must be factored into the design, either through
additional generation capacity, diesel integration or
more reliance upon a BESS.

PV and BESS based systems are essentially limited in
the amount of electricity they can deliver each day.
Overdrawing on this limit will quickly impact the status
of the BESS. Repeatedly overdrawing will see the
failure of the BESS and the subsequent requirement
for costly early replacement. The BESS is generally
protected from severe overuse by the central control
system, as managed by a BMS (battery management
system), and the inverter/charger or charge controller,
however, this control is generally not subtle and
usually results in a power outage (to stop battery
discharge) or the start of diesel generation if available.

Environmental conditions: Remote areas are
commonly subject to harsh environmental conditions.
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Any system design must take into account the
potential impact of these conditions on the operation
and maintenance of the proposed plant. Depending
on their location, these systems should typically be
designed to withstand the following environments:

It is a common mistake for project proponents to
try to save money by selecting low cost equipment.
A moderate saving in capital expenditure can be
very quickly offset by the high cost of maintenance
contractors visiting site to replace failed equipment.

Demand side management

Choosing good quality and well-supported
components with a known track record of
deployment in remote areas is very important.

An alternative way to manage demand and ensure the
system is not overused is through a combination of
education and technology. Education should support
end users to gain a better understanding about the
power consumption of key loads (lights, fans, fridges,
appliances, air conditioning), the cost impact of their
load choices, alternatives to their current usage/loads,
and how their use can be better managed. Education
to help community members understand and manage
their energy use benefits both the user and the SPS.
Technological solutions include timers on loads and
circuits, one-shot boosters for hot water systems,
load limiters, energy limiters, and visual displays that
provide active feedback on usage. Technology like
this can be of great benefit but sometimes a source of
irritation. Application of such technology must suit the
circumstance, and be adequately explained and even
approved by the community before deployment.

Metering: The introduction of metering, at a
community or household level, provides the
capacity for monitoring end-user consumption.
This information can help better understand
electricity usage and contribute to improved energy
management. In systems where the end-user is
required to pay for their electricity, then metering
provides the most accurate way to measure the
volume of electricity consumed.
Integration: A new SPS deployed into an existing
community will generally have to be integrated into a
site with legacy infrastructure. This can include diesel
generation and distribution systems, old PV arrays and
BESS, and old houses with questionable switchboards
and internal wiring. Determining the most costeffective integration, i.e. what to remove, what to keep
and what to upgrade, can be a difficult. The installation
of a new SPS is a significant investment, and to get

User interfaces: Community members will be required
to interact with their SPS. This interaction will be
limited to their technical capacity and may involve
simple checks and troubleshooting. To this end, a
simple user interface that is integrated with the system
is a worthwhile investment. Such a user interface
should provide the basic information people need to
operate the system and assess its status and assist
remote support to troubleshoot the system. Common
options for such an interface include basic coloured
indicator lights showing system status and faults, step
by step procedures for start-up and shut down, and
information display screens showing battery, PV and
diesel status and energy flows.
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Thakaperte,
Central Australia

the long-term value from this investment may require
additional capital outlay to upgrade some legacy
components to better aid the effective integration of
the new system.
Remote monitoring and communications: Where
possible, it is recommended to include the provision for
remote monitoring. This will enable qualified technical
support to remotely access key system performance
data, and potentially even change system setting, and
liaise with the community to support the system and
improve its general maintenance and reliability.
Access to affordable and effective communications
(usually satellite-based) is only a recent phenomenon
for remote communities in Australia and provides a
great opportunity to integrate remote support and
monitoring into the SPS operations and maintenance.

Documentation
It is important that the final system design be clearly
documented. The documented design should be
updated after installation, and incorporated into the
Operation and Maintenance manual for the system;
thus becoming a permanent record of the installation.
At the final design stage, the documentation should
include all the information used to design the system
and needed to build it, including:
• A
 summary description of the system design
and configuration including design inputs, yield
calculations, key components list etc.
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• A
 full set of design drawings, including but not
limited to site location and layout, electrical
drawings (single line diagram, switchboards,
earthing arrangement, lightning protection system,
communications system) and structural drawings
detailing array framing and enclosure or housing
drawings.
• S
 pecifications and data sheets for all key
components.
At the completion of the project and release of the
final system Operation and Maintenance manual, the
following additional information should be included:
• D
 rawings updated to “as built” in CAD (Computer
Aided Design) and PDF formats.
• C
 omponent Warranty Certificates.
• A
 ll regulatory certifications, structural certification of
array frames and enclosures/buildings, certificates
of electrical compliance etc.
• S
 etpoints and parameters list for all key hardware.
• B
 ill of materials.
• S
 tart up and shut down procedures.
• T
 roubleshooting guide.
• C
 ontact list.

PROCUREMENT
AND INSTALLATION
A

t the commencement of this stage, the project
proponent will have determined where the
stand-alone power system (SPS) will be installed,
established a source of funding, engaged the
community, completed a site assessment and
developed at least an indicative system design.
The basic purpose of the procurement stage, is to
identify a contractor with the capacity to (design and)
install the SPS into the target community on time, on
budget, and to the quality that will lay the foundations
for the system to operate successfully for the two
decades or so of projected system life. It is also an
opportunity to identify contractors who have the
capacity and interest to provide long-term system
maintenance and support services.

General considerations
• T
 he project proponent should first assess their
capacity to manage the procurement process (and
other subsequent project stages) and if required,
consider engaging specialist support for design,
project management and procurement.
• E
 ngage designers and installers accredited by the
Clean Energy Council.

• F
 ocus on quality hardware and installation in
remote areas.
• E
 nsure planning and funding considers a long-term
view, including operation and maintenance.
• C
 onsider the benefits of long-term service and
support contracts (e.g. five years)
• C
 onsider the effect of rebates such as Small-Scale
Technology Certificates (STCs) and Large-Scale
Generation Certificates (LGCs) on tendered costs.

Going to market
The nature of the procurement process will be largely
dictated by the capacity of the proponent to manage
the process. This takes into account their internal
policies, the requirements of project funders, and the
size and nature of the project itself. The procurement
approach for a single household SPS will be very
different to the procurement approach for large multicommunity SPS rollout program. However, it is nearly
always the case that a well-managed and competitive
process of procurement is the most likely to deliver the
best outcomes in terms of cost and quality. In practical
terms this involves the project proponent issuing a
request for tender (or similar) to market.
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Basic steps in the tendering
process
Develop the Request for Tender (RFT) documentation,
typically including:
• P
 roject background: providing a description and
context for the tender.
• T
 ender schedules: basis of the tender submission
to be filled in by tenderer.
• T
 ender conditions: describes the conditions for
tendering.
• T
 erm sheet or conditions of contract: forms the
basis of the final contract.
• A
 ssessment criteria: informs the tenderer how
the RFT will be assessed.

• Include at least an initial year of O&M into the
contract and consider how a longer-term O&M
contract may be included. This can be integrated
with the defects liability period.
• C
 onsider adding compliance measures, such as
minimum performance guarantees, into contract.
• C
 learly specify responsibility for approvals and
certifications (e.g. development applications,
structural and electrical certifications etc).
• Ensure contract includes clear payment terms.
• R
 equire the contractor to provide a basic set of
spare parts with the system.

• S
 cope of works: details all the works to be
completed under contract.

Tender release

• T
 echnical specification: details technical
requirements of how the scope of works should
be completed.

This covers the issuing of the RFT to market, the
management of tender queries, site visits, and tender
returns. Considerations at this stage include:

• Supporting documents: drawings etc.

• D
 uration of tender period: typically, 2-6 weeks
depending on size and nature of RFT.

Additional considerations:
• Is the RFT a basic supply and install contract, or is
a more extensive design and construct contract
required?
• C
 onsider using Australian Standard contracts
e.g. AS 4000 etc
• Include a 12 month defects liability period and
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withhold a reasonable percentage of the contract
(5-10 per cent) as surety for the liability period.

• Whether
	
to proceed as a fully open tender, or a
closed tender to specific parties.
• W
 hat forms of media to release the RFT through:
tender websites, newspaper, direct issue?
• S
 ite access for tenderers and how this will be
managed.

Tender assessment and awarding
This stage commences at the closure of the RFT
and involves the assessment of tenders, and formal
awarding to the successful contractor. Suggested
criteria for tender assessment includes:
• C
 ompetitive but realistic price (lowest cost does
not always represent the best outcome).
• E
 xperienced contractor with good track record.
• Demonstrated
	
thorough understanding of the
scope of works.
• P
 resentation of a realistic program that accounts
for site conditions.
• S
 uitable system design that meets technical
specifications and design/standards.
• G
 ood quality equipment with technical and
warranty support.
If no suitable contractor can be identified, it is best
to start the process again rather than award an
unsatisfactory submission. The signing of the contract
ends the tendering phase.

Installation
Once the contract is signed, responsibility for project
delivery shifts to the successful contractor and the
proponent’s role moves to one of project management
and supervision of the contract, and keeping the
community informed of the process.
The installation can be broadly broken up into the
following phases:
• Installation preparation: Contractor completes

the system design, initiates the purchase of
system hardware, and makes preparations to
mobilise to site. The final system design should be
reviewed and approved by the project proponent
or their representatives prior to any component
procurement or site works commencing.
• S
 ystem installation: The contractor “takes
possession” of the site. Community introductions
are important at this point. Installation works then
commence and progress through to completion.
The project proponent or their representative’s role
is to oversee progress of the works and ensure they
are being completed to the standard specified in the
Scope of Works and the Technical Specification. It
also includes managing potential contract variations
and progress payments, as specified under the
agreement.
• S
 ystem commissioning: At the completion of
works, the SPS should undergo comprehensive
commissioning. This should be completed in
the presence of the project proponent or their
representative. System commissioning is the
process by which the SPS is tested and inspected
to ensure that it is fully operational, fully compliant
with the final system design, and installed to the
required level of quality. The system testing and
inspection should be thoroughly documented (e.g.
commissioning checklist) and this documentation
included with the final system Operation and
Maintenance manual. Any non-compliance matters
or defects that are identified should be immediately
rectified or form part of a defect list that is issued to
the contractor. The contractor must respond with a
reasonable rectification plan.
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When it is confirmed the SPS is operating and installed
correctly, a formal Certificate of Completion (COC)
should be issued to the contractor. The Certificate
of Completion can be issued with minor defects still
outstanding, as long as these defects do not impact
the day to day operation of the plant.

Training, O&M manual and
handover
Training: As part of the SPS installation, it is important
that the contractor includes a provision for training of
end users, those involved in system maintenance, and
the project proponent. The extent and depth of this
training will depend on the size and nature of the SPS,
but should include the following key elements:
• Safety issues and their management
• A
 n overview of the system, its components and
operation
• Emergency shutdown and start up procedures
• T
 roubleshooting procedures including contacts
for unresolved issues
• Basic system maintenance
• Spare parts on site
• Introduction to the O&M manual as a source of
information
O&M manual: The installation contractor must provide
a full user O&M manual. The key elements that should
be included in the manual include:
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• A
 summary description of the system design
and configuration, including design inputs, yield
calculations, key components list etc.
• A
 full set of “as built” drawings, including but
not limited to site location and layout, electrical
drawings (single line diagram, switchboards,
earthing arrangement, lightning protection system,
communications system) and structural drawings
detailing array framing and enclosure or housing
drawings.
• S
 pecifications and data sheets for all key
components.
• Component Warranty Certificates.
• A
 ll relevant regulatory certifications, Structural
Certification of array frames and enclosures/
buildings, Certificates of Electrical Compliance.
• Setpoints and parameters list for all key hardware.
• Bill of materials.
• Start up and shut down procedures.
• Troubleshooting guide.
• Contact List.
This document should be provided in hard copy and
left securely with the system. Additionally, soft copies
(PDF) of the O&M manual should be provided, and
where appropriate, drawings should be provided in
CAD (Computer Aided Design) format.
Handover: Practical completion generally constitutes
the formal return of the site to the community/

proponent and the completion of the installation stage
of the project. Final project payment (less any money
retained for the defects liability period) can be made. If
no defects liability period or other similar provision for
long term maintenance is included and no outstanding
issues with the system exist, then this point represents
final closure for the project.

Cleaning the panels
on the array at Corella
Creek, Qld, at the point
of commissioning

Where a 12-month defects liability period is applied,
final project closure occurs at the end of this additional
12 months when all outstanding system defects are
resolved. Combining a 12-month defects liability
requirement with a contract for the maintenance and
remote monitoring of the SPS for its first 12 months
of operation is highly recommended as it is within
the first 12 months of the system’s use that most
“teething” problems are likely to occur. Most of these
problems are likely to fall back to warranty or install
issues, and the installation contractor is both the best
positioned to fix these problems and the one most
likely to be responsible.
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OPERATION AND
MAINTENANCE

O

ne of the most common mistakes made when
remote stand-alone power systems are deployed
is the assumption that once the system is in place
and operating, then all the work is done and little
further attention needs be paid to it.

• E
 ffective remote monitoring of the system with
active support by experienced contractors.

While a PV and BESS based system can be designed
and built to provide robust and reliable operation
for years without any serious attention, such an
approach more often than not results in a major
failure or outage. This can be costly in both time and
money to remediate, and will have negative impacts
on the community’s perception of the system.

• A
 troubleshooting and call-out strategy agreed
and understood by both the system users and the
supporting maintenance contractor.

For a diesel-based system, the capital cost of diesel
generators is relatively low, but the ongoing costs for
maintenance, and in particular fuel for the running
the generators, is high. In a system that primarily
uses PV and BESS, the opposite is true. The upfront
costs are high, and the ongoing maintenance costs
are relatively low. Therefore, it makes total sense
from an economic perspective that once a PV and
BESS-based system is installed, the best way to
support this investment is to commit to the moderate
ongoing operation and maintenance (O&M) costs.

Recommendations for operation
and maintenance
An effective O&M approach consists of the following
elements:
• Local user training in the basics of system O&M.
• Clearly documented O&M procedures.
• A
 n on-site O&M manual accessible to those
elements of the community responsible for basic
system maintenance. Soft copies of the same
O&M manual should be available to the support
contractor.
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• A
 n annual maintenance visit by an experienced
contractor to assess the system and identify
developing problems.

• A
 call-out approach with agreed costings for
dealing with unexpected faults and outages that
can’t be resolved through remote support.
• A
 process for documenting all O&M activities
(both scheduled and unscheduled) so a reliable
and accessible record exists for future users and
maintenance providers.
In support of these basic concepts, it is advisable that
a maintenance contract be established between the
community and/or its support agency, and a reliable
system contractor. It is advisable for the first 12
months that this O&M contract be included as part of
the installation contract.
Extending this contract to a three to five-year term
should be considered if the contractor delivers
good service and support at a reasonable price. If
these two conditions do not apply, then it would be
necessary to return to the market with a O&M scope.
Again, this should be between three and five years,
as a period less than this is unlikely to attract
sufficient attention. In addition, managing yearly
tender processes for O&M would have a high
administrative burden.
Where project proponents have responsibility for the
O&M of multiple systems in multiple communities,
there are savings to be gained, in costs and
administration, by bundling these O&M works into
packages and taking larger grouped works to market.

System
training in the
Borroloola
region
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MAINTENANCE
CHECKLIST
Community Name
Supporting Agency
Contractor Name
Date of Visit

Purpose of this document
Regular maintenance is required to ensure the longterm reliability of stand-alone power systems (SPS).
This maintenance checklist is designed for the use of
suitably qualified and licensed electrical contractors
at the annual major maintenance visits.

Prior to maintenance visit
Before travelling to site, the contractor should notify
the community and their support agency to confirm
site access. They should also note any issues prior to
their departure, and access suitable spare parts.

Arriving and leaving the site
Upon arrival the contractor should make themselves
known to the community and explain their work
and its expected duration. After completion of
the maintenance but before leaving the site the
contractor should:
• Ensure photographs are taken of any anomalies.
• Fill out the system’s log book.
• C
 lean up and remove any rubbish resulting
from the maintenance visit and ensure the site
is left in a tidy condition. Lock doors and gates
where necessary.
• A
 dvise the community contact person that
maintenance is complete and inform them of
any system issues they need to be aware of.
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Action upon completion of
maintenance visit
Upon completion of the maintenance visit, the
following the contractor shall complete this checklist
and return a copy to the community/supporting
agency. The documentation should include a list of
any new issues or problems found at the site, how
they were rectified or what further rectification works
are required.

General safety requirements
The contractor shall ensure that all required WHS
measures are followed to ensure both worker and
community safety during the maintenance visit.
Where project proponents have responsibility for the
O&M of multiple systems in multiple communities,
there are savings to be gained, in costs and
administration, by bundling these O&M works into
packages and taking larger grouped works to market.

System
training in the
Borroloola
region
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General
Task

Check

Comments

It is VERY IMPORTANT to take photos of all issues,
actions and anomalies with before and after shots.
General clean up – including cobwebs, dust and
stray items.
NOTE: Community members MUST be consulted
before any trees or branches are removed.

PV array
Task

Check

Comments

Check

Comments

Check module, string and array connections.
Check PV array earthing connection is functional.
Clean solar modules of any soiling.
Note any damage to modules or array frames.
Check integrity of junction boxes. This does not
require each junction box to be opened, but ensure
conduit and entry/exit points are sealed, and inspect
for evidence of ingress of water or insects etc.
Check for any unexpected ageing or corrosion of
modules, e.g. frames of module, cells of module.
Check for corrosion of array frames at connection
points with modules, e.g. inspect fastening bolts,
replace (or insert) rubber bonded washers if
necessary to ensure dissimilar metal isolation.
Check for shading on the array. Remove recent
growth from trees that shade the array

DC combiner boxes
Task
Conduit entry/exit points are sealed.
Check Surge Protection Devices if present.
Check for corrosion or signs of heating on circuit
breaker terminals.
String circuit breakers/fuses are functional.
DC isolator functional (if present).
Enclosure maintains IP56 rating (ingress protection).
Label identifying the array # is affixed to front of DC
combiner box.
All safety and warning labels are intact and legible.
Check and record string voltages and currents in the
table at the end of this document.
Note: Measure the Vop (operating voltage) and tong/
measure the Lop (operating circuit) of each string.
If the results between each string vary by more than
5% then additional measurements (lsc – short circuit
current and Voc – open circuit voltage for each
string) should be taken.
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Battery bank
Task

Check

Comments

Check

Comments

Check

Comments

• Remove dust
• Check all terminals for corrosion
• Take photos of any corrosion
If corroded, clean as per battery manufacturers
recommendations.
Terminal connections are tensioned correctly
All battery terminals have insulated covers or
shrouds.
Check thermocouples are present and operational.
• C
 heck for degradation of battery enclosure or
ingress by vermin/insects/water.
• E
 nsure any insect/dust screens are intact and
cleaned.
• Secure access to batteries maintained.
• C
 heck cables and conduit are intact and fastened
to support structures.
• Battery DC isolators are intact.
• Lights are operational.
• E
 nsure all signage and labelling intact,
e.g. Safety signs on door of battery room.
Check and record individual cell voltages (can use
tables at the end).

Equipment enclosure
Task
Check external integrity of enclosure for any signs of
damage, corrosion or deterioration.
Check internal integrity of enclosure to ensure IP
rating maintained.
Carry out basic cleaning of external and internal area
of enclosure removing dust, insects etc.
Ensure any insect/dust screens are intact and cleaned.
Cables and conduit are intact and fastened to support
structures.
Remove any stray items stored in shed that should
not be there (return to community).
All identification, safety and warning labels are intact
and legible.

PV inverters (where applicable)
Task
Check inverter for any signs of damage, corrosion,
deterioration, water/dust/insect ingress.
Check all cable connections are secure and tightened
appropriately.
Complete maintenance of PV inverter as per
manufacturer recommendations.
Confirm PV inverter operating correctly.
Check inverter set points to confirm correct (as per
system manual).

All identification, safety and warning labels are
intact and legible.
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Charge controllers/MPPTs
Task

Check

Comments

Check Charge Controllers/MPPT’s for any signs of
damage, corrosion, deterioration, water/dust/insect
ingress.
Check all cable connections are secure and tightened
appropriately.
Complete maintenance of Charge Controllers/
MPPT’s as per manufacturer recommendations.
Confirm Charge Controllers/MPPT’s operating
correctly.
Check Charge Controllers/MPPT set points to
confirm correct (as per system manual).
All identification, safety and warning labels are intact
and legible.

Inverter/charger (where applicable)
Task

Check

Comments

Check

Comments

Check Inverter/Charger for any signs of damage,
corrosion, deterioration, water/dust/insect ingress.
Check all cable connections are secure and
tightened appropriately.
Complete maintenance of Inverter/Charger as per
manufacturer recommendations.
Confirm Inverter/Charger operating correctly.
Check Inverter/Charger set points to confirm correct
(as per system manual).
All identification, safety and warning labels are intact
and legible.

Main distribution/user interface
Task
Check Switchboard for any signs of damage,
corrosion, deterioration, water/dust/insect ingress.
Check all cable connections are secure and
tightened appropriately.
Confirm changeover to generator operating
correctly.
Confirm user interface is operating correctly.
All identification, safety and warning labels are
intact and legible.
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Remote monitoring and communications
Task

Check

Comments

Check Remote monitoring and communications
hardware for any signs of damage, corrosion,
deterioration, water/dust/insect ingress.
Check all cable connections are secure and tightened
appropriately.
Complete maintenance of monitoring/
communications hardware as per manufacturer
recommendations.
Confirm remote monitoring and communications
operating correctly.
All identification, safety and warning labels are intact
and legible.

Summary of faults and issues
Description

Rectified?

Comments

Array data
Array string number

Vop

Iop

Battery serial numbers and cell voltages
Cell number

Cell voltage
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ENERGISING
THE NORTHERN
TERRITORY’S
RENEWABLE FUTURE

D

elivering reliable energy services to remote
communities can be costly and challenging,
and in equal measure, empowering and rewarding.

When services are delivered without due thought
and understanding, it can result in power system
failure, high remediation costs, and a level of
community distrust in both the technology and
he service agency. However, if the approach to
service delivery includes effective engagement
with the target community, appropriate system
design, quality installation, and effective long-term
operation and maintenance, then a successful
outcome is almost guaranteed.
A reliable community power system not only
supports the basic services and amenities for
everyday living, but also provides a foundation
for community development. Significantly, reliable
and sustainable power is a potential vehicle for
the growth of productive livelihoods, which is an
essential element for the long-term survival of
remote communities.
Off-grid power systems delivery is not a static
space. Consistent advances in the technologies that
make up these systems are resulting in improved
functionality, higher levels of reliability and cost
reductions. For instance, the past 10 years has seen
a dramatic fall in the cost of PV modules, with a
similar decline in the cost of Battery Energy Storage
Systems (BESS) expected in the coming decade.
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A significant fall in BESS pricing (in line with forecasts)
will be an industry game-changer. The muchimproved cost of energy storage within off-grid
systems for small to medium sized loads would
generally preclude the need for diesel generation,
for anything other than emergency backup. It
would also likely prompt a large uptake of “off-grid”
systems in less remote, urban and grid-connected
environments. Households and businesses would
be able to supply their own power through a PV
and BESS-based power system, using the grid as a
backup supply.
Though the latter on-grid developments are outside
the scope of this guide, it does demonstrate the
traditional separation between on-grid and off-grid
technology will grow increasingly blurred. Off-grid
power systems will no longer be a small, specialist
area within the PV market. Potential for further cost
reductions via a more competitive market is there to
be realised.
This guide provides an overview of the fundamental
principles required for delivering a reliable off-grid
power system in a remote community. It aims to
share the lessons learnt from the Bushlight program
and other successful off-grid system deployments,
and prevent common mistakes. Correct application
should not only deliver a positive outcome for
communities, but ultimately reduce the cost of
operating and maintaining these remote power
systems into the future.
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USEFUL
CONTACTS
W

hen seeking a solar power product or installer,
it is important to check they are a Clean Energy
Council accredited installer, by visiting:
www.solaraccreditation.com.au.
Organisations involved with managing the
procurement and maintenance of off-grid solar
power systems in the Northern Territory include:
• T
 he Department of Prime Minister and Cabinet:
Outback Power program and Aboriginals Benefit
Account.
• The
	
Northern Territory Government Department
of Housing, Local Government and Community
Development: Homelands Program.
• L
 and Councils: The Northern Land Council, Central
Land Council, Tiwi Land Council, Anindilyakwa Land
Council.
• M
 unicipal Essential Service providers, including
Aboriginal Corporations and Regional Councils.
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ACRONYMS
AC/DC Alternating current / direct current

PV Photovoltaic

BESS Battery Energy Storage System

RAPS Remote Area Power Supply

BMS Battery management system

RE Renewable Energy

BOS Balance of system

SPD Surge protection device

CB Circuit breaker

SPS Stand-alone Power System
(also referred to as SAPS)

DA Development application
HV High voltage
LCOE Levelised cost of energy
LGC Large Scale Certificates
Lop Operating circuit
LSC Short circuit current
MPPT Maximum Power Point Tracking
Off-grid All power systems that operate
independently of “the grid”
O&M Operation and Maintenance
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SRES Small-scale Renewable Energy Scheme
STC Small-Scale Technology Certificates
The Grid The large distributed power network
Voc Open circuit voltage
Vop Operating voltage
VRLA Valve Regulated Lead Acid battery
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