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2 Data Specif ication for Remote Austral ia’s  Renewables  

Overview

This document is part  
of a series on integrating  
renewables for remote  
locations in Australia. The  
insights and learnings shared  
in this series are funded by 
ARENA, as part of its core 
Knowledge Sharing remit.
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Robust data is critical to delivering the 
expected technical and financial performance 
of renewable installations. Renewable 
technologies have high capital (up-front)  
costs so rely on accurate forecasts of 
delivered energy over their lifetime. They also 
have low/visible ongoing costs that makes it 
easy for underperformance to go unnoticed. 
As many projects are monitored off-site, 
absolute confidence that your monitoring 
equipment is accurately accounting every 
metric that impacts on your return is critical. 

A strong data set is especially important for 
the off-grid sector. An intimate knowledge 
of the existing load and infrastructure is 
essential when designing a system that meets 
the reliability expectations of the buyers 
(“offtakers”), especially industrial end users. 

ARENA has developed a best practice 
guide for specifying the data collection 
required to protect yield and ensure ongoing 
performance. We are actively encouraging 
use of this tool. Our experience is that this 
is an area that is frequently overlooked 
in the design and implementation of 
renewable installations.

The data spec’

The Regional Australia’s Renewables (RAR) 
Data Specification – ‘data spec’ – was 
developed primarily to provide ARENA with 
consistent data from proponents to allow 
analysis of the performance of off-grid 
and fringe-of-grid renewables. As the first 
few projects started to move through the 
procurement phase it became apparent that 
monitoring equipment tended to become 
squeezed, and in some cases sacrificed 
altogether, as the financial reality of  
deploying remotely became apparent.

The data spec has since evolved into a 
best practice guide on monitoring system 
performance. It has been designed through 
collaboration with projects in the RAR portfolio 
and reference to international industry best 
practices. The data spec is modular to allow  
for the diverse nature of these projects and 
use of different enabling technologies. It 
is treated as a living document - now in its 
tenth iteration and is available on ARENA’s 
knowledge bank.

Introduction

Figure 1 — Importance of data for off-grid renewables
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Remote renewable energy suppliers can combine an intimate knowledge 
of infrastructure needs and systems with a disciplined approach to data, 
providing certainty for:
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Yield protection

A disciplined approach to data delivers 
certainty of output and revenue. The 
importance of proper monitoring of key data 
cannot be understated. It has been one of the 
guiding principles for not only the RAR Data 
Specification, but also ARENA’s Large Scale 
Solar project guidance. 

This section introduces yield protection and 
gives a hypothetical example to explain why 
system monitoring and accurate data are 
crucial to extracting every kWh from your plant. 

Why measurement matters

Wind and solar energy have front-loaded capital 
expenditure and yet the revenue is obtained 
over the expected asset lifetime - in many 
cases 25+ years. As the output depends on 
the weather as input, this also means that only 
measuring the output (e.g. the kWh of energy 
delivered) is not enough to ensure correct 
operation of the system. How well a system 
works can only be determined by comparing to 
an appropriate input reference. This means that, 
if the renewable energy system underperforms 
compared to the initial modelling, this will likely 
be detected late, or, if no monitoring is in place, 
potentially not detected at all.

The performance of solar PV systems is 
verified by the Performance Ratio (PR),  
which compares the energy produced by the 
PV system, scaled to 1 kWp (hence the division 
of EPV/PPV,STC [kWh/kWp]) to the received 
amount of sunlight received in the plane of the 
array and scaled by the reference irradiance  
(EPOA/GSTC [kWh/kW]) over the same period  
(an hour, day, month or year). 

PR = [%]
EPOA/GSTC

EPV/PPV,STC

As the equation of the PR indicates, if it 
happens to be a very sunny year with an 
under-performing system, the output may 
approximate the value expected (e.g. “you will 
receive 1600 MWh of electricity from your 1 
MW PV plant in year 1”), but the amount that 
should have been produced is not known. 
Perhaps for that year, the output should have 
been 1650 MWh (with an annual irradiation  
in the plane of the array of 2062.5 kWh/m2,  
so a PR = 80 %), but this can only be known 

if the reference irradiance has been measured. 
With this example, the actual PR = 77.58 %,  
so the system has under-performed by 2.42%. 
For wind, a similar method is used: the output 
produced energy and power is compared to the 
measured input (the wind and its distribution) 
and the validated model of the wind turbine(s). 

The role of instrumentation

For PV systems, the input reference is a 
pyranometer or reference cell,1 installed in the 
plane of the array. The further requirement 
in the Data Specification for global horizontal 
irradiance (GHI) serves two purposes:

1.   If the plane-of-the-array (POA) pyranometer 
fails or suffers an outage, the global horizontal 
irradiance can be used to model the irradiance 
in the plane of the array. While better than no 
data, it is worth noting that using GHI in place 
of POA does increase uncertainty somewhat.

2.   Financing of PV projects depends on a 
characterisation of the available solar 
resource. High-quality ground-based 
measurements are the gold standard in 
data quality, and are supported by satellite-
measured data. The algorithms for satellite 
solar data are continuously improved and 
tested, and benefit from having multiple 
ground-based data sources available to 
calibrate and verify the results.

As the Performance Ratio encompasses all 
aspects of energy performance of the PV 
system (module quality, workmanship, inverter 
performance, system availability or uptime, 
curtailment of output, etc.), if the initial value is 
significantly below the expected or warranted 
PR, this can lead to a loss of energy carried 
throughout the lifetime of the system, unless 
repairs or changes to the system are done. 
In most cases, the end result is a reduced 
financial return. 

Similarly, maintenance based on such 
performance monitoring is crucial to maintain 
the yield, or to take corrective or predictive 
maintenance actions as required. This can also 
help to manage situations where equipment, 
parts or assets degrade more quickly 
than anticipated.2

1   A reference cell is essentially a mini-module, where the output represents the measured irradiance. The behaviour of a reference 
cell to the irradiance is (almost) identical to a PV module or PV system, except a pyranometer will capture all photons and give 
an irradiance reading. As a result, a pyranometer will typically give a higher irradiance value than a reference cell, and is more 
broadly comparable (for this reason, the calculation of the Performance Ratio is done using a pyranometer). A reference cell 
will respond more quickly to changes in irradiance, and can help with modelling efforts. The Data Specification recommends the 
installation of a reference cell, and requires the installation of pyranometers (only if the project utilises solar PV as a technology). 

2   PV modules have a typical degradation rate of -0.5% per year for many, but not all, climates and locations. Currently, there is 
limited knowledge in Australia about the expected degradation rates that can be encountered throughout this vast country, 
especially for remote locations.
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The importance of proper 
monitoring of key data 
cannot be understated: 

they are crucial to 
extracting every kWh.
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Costs and benefits of monitoring

Monitoring investment costs will vary 
depending on the type and number of 
renewable energy or enabling technologies 
used. As all the projects in the RAR portfolio 
use solar PV as a technology, a meteorological 
station is required. This station measures 
the main weather variables that influence 
performance (irradiance (sunshine), ambient 
temperature, wind speed and direction, 
humidity), and may be used to identify failure 
modes if needed. Such a meteo station with 
instrumentation costs between A$20 000 
and A$50 000 (shipping to a remote site 
not included). 

Compared to the investment cost of the 
projects in the RAR portfolio, the cost of 
monitoring is not negligible, but it makes a 
vital contribution to the long-term technical 
and financial viability of the project. For this 
reason, preventing data loss by having onsite 
backups of data and/or a UPS to ensure that 
the monitoring remains online even in cases  
of power outages is also important.

To illustrate, an example of three scenarios 
that could happen to a PV project is given  
on the following page.

1.   Scenario 1: the system behaves as expected 
in the initial technical and financial modelling 
(annual degradation of -0.5% per year). 

2.   Scenario 2: the system suffers from more 
aggressive degradation than expected (-2% 
per year, versus the modelled -0.5%/year).

3.   Scenario 3: the system appears to behave 
as expected, with just slightly worse 
degradation (-0.75%/year), but the inverters 
suffer intermittent failure before a complete 
failure after 15 years occurs due to termites 
creating a nest inside the inverters.

What the scenarios indicate is that monitoring 
of all the equipment used (not only the 
renewable energy technologies) is vital to 
receive timely information about the health  
of the system. 

The data spec incentivises the project 
proponents to apply industry best practices,  
by requiring them to provide performance data 
about the components in the generation mix. 
By having performance data available, if a 
project ends up having aggressive degradation 
(scenario 2 in the figure), a proponent has 
the tools at their disposal to make a valid 
claim under the manufacturer’s warranty. 
Similarly, monitoring of systems should help 
the operations & management (O&M) team 
pick up any untoward behaviour on the system 
(such as scenario 3) and anticipate remedies 
rather respond to a failure. 

While renewable energy technologies are 
relatively low maintenance compared to 
their fossil fuel equivalents, these are not 
no maintenance: not only is there a need 
for monitoring of the necessary variables, 
appropriate responses by O&M must be in 
place to ensure that the response to an issue 
is sooner, and ideally, preventative. Monitoring 
thus serves as a key input for risk mitigation 
and yield protection. The monitoring itself  
will not prevent an issue, but will serve as an 
early warning that can help avoid large losses.

In the case of off-grid systems, the relative 
impact of system failures (e.g. that a wind 
turbine, PV system or diesel generator fails) 
is higher than comparable on-grid situations. 
The margin for error, and therefore risk 
appetite, is lower, as a generator’s failure  
can lead to not only revenue losses, but 
potentially cascade into blackouts with  
more serious financial repercussions. 

In all cases, the key aspect is that, unless  
the weather inputs are measured, determining 
the extent to which the renewable technology 
or technologies have been performing as 
expected and therefore capable of meeting 
the needed financial return is leaving this 
to chance. As a farmer tends the crops 
and removes weeds periodically and 
knows whether it has been a good or poor 
year weather-wise, so should renewable 
technologies be monitored and maintained. 
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Conclusion

By having the RAR Data Specification in 
place for the provision of performance data 
to ARENA, project proponents are being 
supported to use appropriate tools to monitor 
their system’s performance, and take remedial 
action sooner if required. Given the remote 
location of off-grid projects, the additional 
remoteness premium(s) and likely supply 
chain challenges, the ability to identify issues 
sooner is more important compared to a 
“simple” grid-connected renewable energy 
project where spares and trained personnel 
may be much more easily sourced.

Lessons from international and experience  
in Australia with the RAR projects reinforce 
the need to have high-quality data, measuring 
the appropriate variables and monitoring for 
risk mitigation and yield protection: you can’t 
manage what you don’t measure. 

List of documents

The following list of documents will 
be updated and expanded as they 
are developed.

1.    Overview of Projects funded under 
the Regional Australian Renewables 
(RAR) Program

2.   The RAR Data Specification and 
Yield Protection

3.   Knowledge Sharing on Remote  
Renewable Energy Projects  
in Australia

Installing monitoring 
equipment serves to 

protect both the assets 
and financial returns.

Scenario 2: Aggressive PV module degradation (-2%/year), not detected or acted upon
Scenario 1: Base case, system behaviour as expected, PV module degradation -0.5%/year

Scenario 3: Measurement uncertainty or poor O&M practices hide systems issues.  
PV module degradation -0.75% per year, and complete failure of inverters occurs in y15.

Figure 2 — Illustrative comparison of financial returns for three scenarios of system behaviour
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