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Introduction

Deep electrification represents the most practical and cost-effective approach to decarbonization.
Electricity demand is expected to triple following the electrification of transport, heating and industry
as Australia progresses toward zero emissions by mid-century [1]. There is a pressing need for new
solar and wind farms to meet this increasing demand. The majority of the new demand will come
from major population centres such as Sydney and Melbourne, where space for large-scale solar
and wind farms is limited. Currently, the ability to transmit new solar and wind power to these urban
areas is constrained by the limited capacity of existing high-power transmission infrastructure, which
will soon be saturated as demand increases. New transmission is needed to support the rapid
deployment of new solar and wind. Transmission lines can also smooth out local weather and
demand variations by connecting diverse geographic regions, thereby enhancing the stability and
reliability of the electricity grid dominated by variable renewable energy.

There are numerous potential routes for new high-power transmission within the Australian electricity
system. The challenge lies in selecting optimal routes, which requires a comprehensive assessment
of various factors. This project aims to address this challenge by developing a methodology to
systematically generate candidate transmission routes and creating an evaluation framework to
guantitatively assess the various transmission options. The project investigates high-voltage
alternating current (HVAC) and high-voltage direct current (HVDC) transmission separately. In
Australia, HVAC projects, which typically cover shorter distances (<800 km) with several nodes along
the way, are best suited for tapping into solar and wind resources close to load centres and supplying
the majority of the demand. In contrast, HVDC projects, designed for longer distances (>800 km)
and point-to-point transmission, are intended to balance different supply and demand patterns,
thereby reducing the need for storage and enhancing grid stability.

In July 2023, the Australian Energy Market Operator (AEMO) published its "2023 Transmission
Expansion Options Report", which proposed dozens of renewable energy zone (REZ) expansion
options and flow path augmentation options based on extensive stakeholder consultations [2]. The
AEMO report identified critical bottlenecks and proposed solutions within the current system. In
contrast, this study takes a forward-looking approach, exploring future scenarios where existing
transmission infrastructure is saturated and new, large-scale expansions are necessary to unlock
additional solar and wind resources.

Methodology

For HVAC routes, we first identified candidate connection points, defined as locations with attractive
solar and wind resources and minimal environmental impact. Solar and wind resources data from
Global Solar Atlas [3] and Global Wind Atlas [4] were used to construct an aggregated resource
layer, in which protected areas, native forests and urban built-up were removed. We then constructed
optimal HVAC routes by connecting each candidate connection point with the main grid backbone,
optimizing for both the transmission distance and the additional solar and wind resources unlocked
along the way. For the National Electricity Market (NEM), the main grid backbone comprises the
major load centres: Brisbane, Sydney, Melbourne, and Adelaide, and the current main
interconnections between them, assuming that these interconnections will continue to be reinforced
to cope with rising demand. Tasmania was excluded from this analysis due to the need for submarine
cables. For the South-West Interconnected System (SWIS), the main grid backbone is Perth. All
candidate connection points and the corresponding HVAC routes are within 800 km of the grid
backbone due to the limit of HVAC transmission distance. For each candidate HVAC route, we
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guantified the additional low-cost renewable resource potential it brought using solar and wind heat
maps [5]. The additional resource potential allows us to shortlist dozens of HVAC routes for further
evaluation. An optimization model based on Differential Evolution [6] was developed to calculate a
maximum demand fulfilment ratio for each shortlisted HVAC route, by optimising solar and wind
capacities at each node along the HVAC route the meet the highest fraction of the load possible
through optimal aggregated generation. The most promising HVAC routes were eventually selected
for each region based on their performance in both aspects (resource potential and correlation with
demand).

For HVDC routes, we first created monthly solar and wind resource maps to identify regions with
strong solar and wind resources during winter, when most of the stressful periods occurred. Several
dozen candidate locations with good solar and wind availability in winter were identified. We then
modelled the baseline electricity system without any HYDC connections, using the model introduced
in [1], which simulates long-term (10 years), high-resolution (hourly) supply-demand balance and
identifies the least-cost system configuration using Differential Evolution. Solar PV, wind, storage
and interconnection capacities were set up as decision variables and the levelized cost of electricity
(LCOE) as the objective function. This process allowed us to identify the "worst week" and analyse
the supply and demand profile during that period. For each candidate location, we downloaded and
modelled 10-year hourly solar and wind capacity factor data. We then used a method similar to that
used for HVAC demand fulfilment ratio analysis to model the maximum correlation between
renewable supply from the candidate location and the net load of the baseline system during the
"worst week." Twenty locations were shortlisted for the NEM and five for the SWIS. Corresponding
HVDC routes were created by connecting these points with Brisbane, Wagga Wagga (midpoint
between Sydney and Melbourne), and Perth. Finally, we modelled the baseline system with each
HVDC line added, re-optimizing solar PV, wind, storage, and interconnection capacities in the
baseline system, as well as solar PV, wind, and HVDC transmission capacities at the HYDC end
point. The change in LCOE was used to quantify the benefit of each HVDC line.

Results

The modelling results for the 147 shortlisted HVAC routes are shown below. Each route is
represented by a specific route index. The resource potential figure-of-merit (FOM) is calculated by
aggregating and normalizing the additional low-cost solar and wind resource potential unlocked by
each route and is expressed as a value between 0 and 1. The result indicates that routes in SA and
WA offer the best combination of demand fulfilment ratio and resource potential overall. These
regions show higher max demand fulfilment ratio and substantial resource potential FOM compared
to other states. Conversely, while routes in NSW, QLD, and VIC can also meet 50% - 60% of the
demand if solar and wind capacities are optimally deployed, they tend to have a lower resource
potential FOM. However, there are several routes in VIC that clearly stand out from the rest. It is
important to note that the resource potential FOM is a metric of the additional resource potential
enabled per unit of transmission investment, and a lower FOM does not necessarily indicate a lack
of sufficient renewable energy resources. In fact, only a dozen out of the 147 shortlisted HVAC routes
have an additional low-cost (<$40/MWh) potential that is less than what is needed to supply five
times the electricity demand of the state it's located in.
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Max Demand Fulfilment Ratio and Resource Potential FOM for Different HVAC Routes and Scenarios
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Figure 1. Max demand fulfilment ratio and resource potential FOM for shortlisted HVAC
routes

There also appears to be a general trend where routes with higher max demand fulfilment ratio also
tend to have higher resource potential FOM. However, this is not a strict correlation, as evidenced

by some regions (e.g., WA and QLD) where routes with high demand fulfilment ratio have varying
levels of resource potential.

Based on the results presented above, top 3 HVAC routes were proposed for each state. Detailed
information about these routes will be made available soon, with an example provided below.



#% ASIA-PACIFIC
N @ SOLAR RESEARCH CONFERENCE 3-5 Dec 2024, Sydney

NSW HVAC 388 & 470 | Start-end: West of Goulburn to east of Queanbeyan

| . Transmission distance: 65km (route 388) / 91km (route
O Brishane - Sydney - Melbourne - Adelaide § 47¢)

1 Major urban areas Resource potential FOM: 0.23 / 0.21
Solar and wind resource index Maximum demand fulfilment ratio: 0.55 / 0.55

=

7 o

1 Abercrombie LN

. 0 River Nationalg. =
Park *

wrh ]

Nattai National Buxton|
Park g

National Park
Morton National Park
flerrawangala

Bungonia
National Park

Brindabella ¥ pal Morton Nationa
National Park - : Park

Tumut
.

Ulladulla
.

Braidwood

Australian
Capital Territory

National Park

Figure 2. One of the top HVAC routes in NSW

For HVDC, the modelling results for the NEM are presented in Figure 3. All evaluated HVDC routes
show a reduction in LCOE compared to the baseline scenario, ranging from 8% to 18%, indicating a
positive impact of HVDC integration on cost reduction. The magnitude of LCOE reduction compared
to the baseline LCOE varies significantly across routes, with some routes offering substantially
higher reductions. Generally, points connecting to Brisbane perform better than those connecting to
Wagga Wagga. The best HVDC connection points are concentrated in Mount Isa and Victoria Daly,
which also have good correlation with net load during the ‘worst week’. Interestingly, points around
Mount Isa perform better on average than those in Victoria Daly, despite the latter showing higher
correlation with net load during the ‘worst week.' This is due to the shorter transmission distance
from Mount Isa to Brisbane, resulting in lower transmission costs.
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Figure 3. Modelling results for the top 20 candidate HVDC routes in the NEM (left) and LCOE
reduction (%) for the top 20 HVDC routes in the NEM (right)

Results for the SWIS, shown in Figure 4, indicate minimal impact on LCOE, with the highest
reduction being less than 2% compared to the baseline LCOE. The low deployment of solar and
wind capacity at HVYDC connection points explains this outcome. The baseline system requires
approximately 12 GW of solar PV and wind, whereas all HVDC routes in the SWIS deploy less than
1 GW combined. In contrast, most HVDC routes in the NEM deploy 10-20 GW at the connection
points.

The low impact of HVDC on the SWIS is attributed to the relatively small magnitude of the largest 7-
day average net load (374 MW). This indicates a more uniformly distributed supply-demand balance
in the SWIS, without significant stressful periods as seen in the NEM, thereby not justifying HYDC
investments based on the modelling results. Additionally, the top three HVAC routes in the SWIS,
which span relatively long distances (400 - 600 km), may have already effectively smoothed out local
stressful periods by connecting a sufficient number of widely distributed nodes.
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Figure 4. Modelling results for the top 5 candidate HVDC routes in the SWIS
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Conclusion

In this study, we developed and applied a comprehensive methodology to evaluate potential HVAC
and HVDC transmission routes for integrating renewable energy into the Australian electricity grid,
in a future scenario where the existing transmission is saturated due to increasing electricity demand.
For HVAC routes, we identified optimal paths by considering primarily resource potential, and
correlation with demand. Our findings suggest that Western Australia and South Australia offer the
highest max demand fulfilment ratio and resource potential. However, promising routes were also
identified in New South Wales, Victoria, and Queensland. For HVDC routes, we focused on
mitigating the impact of prolonged low-renewable-generation periods. Our analysis showed that
integrating HVDC lines can significantly reduce the LCOE in the NEM, particularly for routes
connecting Mount Isa and Victoria Daly to Brisbane. Conversely, the impact on the SWIS was
minimal due to the more uniformly distributed supply-demand balance, indicating that HVYDC
investments may not be justified in this region under current conditions.

References

[1] B. Lu, A. Blakers, M. Stocks, C. Cheng, and A. Nadolny, 2021, “A zero-carbon, reliable and
affordable energy future in Australia,” Energy, vol. 220, p. 119678.

[2] Australian Energy Market Operator, 2023, “2023 Transmission Expansion Options Report”.

[3] World Bank Group, 2019, “Global Solar Atlas 2.0: Technical Report (English)”.

[4] Technical University of Denmark (DTU), “Global Wind Atlas.” [Online]. Available:
https://globalwindatlas.info/en/about/dataset.

[5] ANU RE100 Group, “Australian Solar PV and Wind Heat Maps.” [Online]. Available:
https://re100.eng.anu.edu.au/heatmaps/.

[6] R. Storn and K. Price, 1997, “Differential Evolution - A Simple and Efficient Heuristic for Global
Optimization over Continuous Spaces,” Journal of Global Optimization, vol. 11, no. 4, pp. 341-359.



https://globalwindatlas.info/en/about/dataset
https://re100.eng.anu.edu.au/heatmaps/

