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Introduction

Australia is undergoing a fast transformation towards high penetration of renewable power
generation in its energy system to meet the large-scale Renewable Energy Target [1]. Solar and
wind technologies were the highest contributors to electricity generated by the renewable sector in
2023 [2], with ambitious future deployment plans to achieve net zero.

However, integrating large-scale Photovoltaic (PV) and wind technologies into the electricity grid has
a significant technical challenge in maintaining grid stability. This is due to the sensitivity of PV and
wind technologies to weather-induced variability. Variability in solar and wind resources increases
uncertainty, and their intermittent nature limits their reliability [3], [4]. On a daily scale, short-term
weather events over a region can induce periods of no-to-minimum output during the day. Weather
events like bushfires, dust storms or east coast lows can result in periods of low generation for
consecutive days. Furthermore, the regional weather and climate conditions are expected to change
in a future warmer climate [5]. With the increase in demand for renewable energy deployment,
generation, and integration in Australia, it is essential to understand the most optimal locations for
setting up solar and wind farms in the future. Further, estimating the long-term resource variability
and intermittency at any given location is necessary for pre-feasibility site assessments, optimal
system design and financial viability.

In this study, we quantify Australia's solar and wind resource distribution and intermittency for the
historical period (1976-2005) and future period (2030-2059) under various climate change scenarios.
We study the potential integration of batteries along with renewable energy technologies to
understand economic benefits for specific locations. We investigate different battery optimisation
configurations for higher profits. The developed high-fidelity and high-resolution analysis will provide
national policymakers and stakeholders with a valuable tool to capture the influence of climate
change, better understand project-related uncertainties and adapt strategies for the long-term
decision-making process.

Data and Methods

In this study, we try to understand feasible renewable energy locations in Australia for the historical
and future periods under different climate change scenarios. We study the historical (1976-2005)
and future periods (2030-2059) under intermediate and high emission scenarios (representative
concentration pathway (RCP4.5 and RCP 8.5)). We use high-resolution regional climate model
projections from the Coordinated Regional Downscaling Experiment (CORDEX) for Australasia [6].
We also use reanalysis data from the European Centre for Medium-Range Weather Forecasts
(ECMWF) Re-analysis (ERA5) to validate our climate model in the historical period. We use
electricity price data from the Australian Energy Market Operator (AEMO) for the period (1998-2024)
to understand the impact on the electricity profits for solar-wind hybrid systems.
[https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/data-
nem/aggregated-datal).

We use a resource-to-power conversion model to obtain solar and wind power density across
Australia. Solar power density is calculated for a standard crystalline silicon module using the PVLIB
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Python package [7]. We estimate the wind power density for a turbine at a hub height of 80m by
estimating the power curve for the VESTAS V90-3 MW model. The wind speed at the turbine hub
height is converted into power by fitting a cubic polynomial to this data. The cut-in and cut-off wind
speeds were set at 3.5 m/s and 25 m/s, respectively.

Several metrics are analysed to determine solar and wind intermittency for both historical and future
periods. The intermittency of the solar resource is characterised by lulls and ramp rates. Lulls are
defined as periods of no power generation. They are computed as the number of consecutive hours
when the resource power density is lower than the threshold [3], calculated from the lower quartile
of solar radiation for the historical period. Ramp analysis was performed based on sudden
fluctuations in solar and wind resources in Australia. The ramp rates of these variations were
calculated as the difference between successive data points [7].

We investigate the influence of incorporating batteries along with solar and wind technologies on the
profits of Australia's major cities (Sydney, Melbourne, Brisbane and Adelaide). A hybrid solar-wind
power plant structure (Figure 1) was utilised, where energy generated from PV arrays and wind
turbines is converted and fed into the Point of Common Coupling (PCC). The Battery energy storage
system (BESS) is also connected to the PCC via converters. The generated energy from the PV
panels and wind turbines can either be charged into the BESS or directly supplied to the grid.
Additionally, the stored energy in the battery can be discharged to the grid when needed.

wes  [Wwes  ([wes ey P
EE — —
‘ =t ~
~ et
. | som L5 ek
ﬁ}L - ) 4

BESS @
Grid

Figure 1. A commonly used structure of a hybrid PV-W-B plant.

Two optimisation strategies were implemented to schedule the BESS optimally: Daily Optimisation
(Case 2) and Rolling Horizon Optimisation (Case 3) [8], [9]. These strategies were compared against
a benchmark scenario where no battery was installed (Case 1). The total electricity profit was set as
the techno-economic indicator to identify the efficiency of energy storage and dispatch within the
hybrid power plant system of each case.

Results

Australia has high solar and wind potential due to its location. Figure 2 shows the solar and wind
power in Australia for the historical and future periods. Preliminary results indicate that Northern part
of the country has the highest solar power generation (figure 2a). On analyzing changes in future
solar power due to climate change, our results indicate a minimum increase in Eastern Australia
with a decline in the Western part of the country for both the future scenarios (figure 2b-c). Similarly,
results indicate higher wind power density in the south of Australia (figure 2d) due to higher wind
speed in this region. We expect significant decrease in the wind power near the south under RCP4.5
with strong increases near the north of Queensland (figure 2e). Under RCP8.5 scenario, we expect
highest increments in wind power density in Tasmania and near coastal parts of New South Wales
and Melbourne (figure 2f).
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Figure 2. Solar and wind power density in Australia for the historical (1976-2005) and future period (2030-
2059) under intermediate emission scenario RCP4.5 and high emission scenario RCP8.5. The dots indicate
regions with significant future climate change. Grey contours are the AEMO ISP renewable energy zones.

We show the impact of batteries on grid stability and electricity profits in figure 3. Preliminary results
are shown for Sydney and Melbourne, which have the largest population density and highest
electricity demand. We compare profits without battery into the system and with battery optimised
daily and on rolling horizon, from 2005 to 2020. In both cities, the results show that the scenario
without a battery consistently results in the lowest electricity profit across all years. Among the
scenarios with battery optimisation, the daily optimisation strategy generally leads to higher electricity
profits compared to the rolling horizon optimisation strategy. This trend has been evident for most
years in both cities. For example, in Sydney, daily optimisation consistently yields higher profits, such
as AUD 1.8 million in 2008 and AUD 3.5 million in 2019, compared to rolling horizon optimisation,
which yields approximately AUD 1.7 million and AUD 3.4 million in the same years. Similarly, in
Melbourne, daily optimisation outperforms rolling horizon optimisation, with profits of around AUD
1.3 million in 2015 and AUD 5.1 million in 2019, compared to AUD 1.2 million and AUD 4.9 million,
respectively. This observation suggests that rolling horizon optimisation might be expected to better
adapt to short-term fluctuations. However, the daily optimisation strategy appears more effective in
these cases, possibly due to its simplicity and focus on the entire day rather than frequent
adjustments. The rolling horizon approach, which continuously updates decisions based on the most
recent data, may not always capitalise on the full potential of battery storage, leading to slightly lower
profits.
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Figure 2. Impact of battery on electricity profits for Sydney and Melbourne. The profits are estimated for three
cases — without battery, with battery optimised daily and with battery optimised as per rolling horizon.

This long-term future resource assessment analysis will be extremely helpful in quantifying the
accurate storage requirements to meet the supply-demand ratio at all times of the day. Further, this
type of analysis can be helpful in optimal site selection for future plants and planning mitigation
strategies to manage grid stability induced due to variable generation.
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