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Planning future low-carbon energy systems

650

600

550

500

450

400

350

300

250

200

Installed capacity (GW)

150

100

Expected installed capacity - Australian east-coast electricity system

System pathway #3

Green energy exports

System pathway #2

Step change

System pathway #1

Progressive change

50
N e e e e e e e e e e e

2009-10 2019-20 2 0 2 5 2029-30 203940 2049-50

Distributed PV Utility-scale solar Onshore wind - Offshore wind Passive CER storage - Coordinated CER storage

Utility-scale storage Hydro - Flexible gas - Flexible demand - Brown coal - Black coal

Source: Australian Energy Market Operator (AEMO), 2024 Integrated System Plan
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Planning future low-carbon energy systems
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Long-term uncertainty is inevitable, but investment decisions cannot be postponed

Source: Australian Energy Market Operator (AEMO), 2024 Integrated System Plan
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Infrastructure planning under

multi-dimensional uncertainties
What future do we plan for?
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Source: Australian Energy Market Operator (AEMO), Integrated System Plan (ISP)
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Infrastructure planning under
multi-dimensional uncertainties

— Planning risks!
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How can we support decision-makers in de-risking investment
plans against an uncertain future?

ELR: Energy-limited resources
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Addressing uncertainty in infrastructure planning
Standard (deterministic) planning practices
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Addressing uncertainty in infrastructure planning
The stochastic planning approach
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B. Moya, R. Moreno, S. Puschel-Lgvengreen, A. M. Costa, and P. Mancarella, “"Uncertainty representation in investment planning of low-carbon power
systems,” Electric Power Systems Research, vol. 212, Nov. 2022, doi: 10.1016/j.epsr.2022.108470.
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Incorporating "Risk management”
in energy system planning
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Uncertainty-aware system planning
Stochastic planning methodology

Scenario-tree-based Operation & investment Scalable solution strategy
Stochastic plan techno-economic model Makes the large-scale
Ensures investment Accounts for the system physics, model tractable, unlocking

feasibility across all scenarios reliability, investment and running costs unique insights

P. Apablaza, S. Puschel-Lgvengreen, R. Moreno, S. Mhanna, and P. Mancarella, "Assessing the impact of DER on the expansion of low-carbon power systems
under deep uncertainty,” Electric Power Systems Research, vol. 235, p. 110824, Oct. 2024, doi: 10.1016/j.epsr.2024.110824.

P. Apablaza, S. Plschel-Lgvengreen, R. Moreno, and P. Mancarella, "Valuing distributed energy resources flexibility in an uncertain and risk-aware low-
carbon power system planning context,” Sustainable Energy, Grids and Networks, vol. 43, Sep. 2025, doi: 10.1016/j.segan.2025.101850.
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Uncertainty-aware system planning
Scalable solution strategy for multi-stage problems
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The value of DER and impacts of uncertainty across networks

Expected installed capacity
Australian east-coast electricity system — Step Change scenario

Distributed PV: 70 GW

Transmission network investment plan

300

25

o

20

o

15

o

10

W cooeomsoreoon LELELLELELE
|

o

Expected installed capacity (GW)

2024
2030
2040
2050

—m

The transmission network investment plan for the Australian system is
strongly shaped by expectations of DER development
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Source: Australian Energy Market Operator (AEMO), Integrated System Plan (ISP)
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The value of DER and impacts of uncertainty across networks

Trends for DER uptake in the Australian System
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To avoid over- or under-estimations, the value of DER flexibility,
must be assessed through uncertainty-aware planning

Source: Australian Energy Market Operator (AEMO), Integrated System Plan (ISP)
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Consumption (TWh)

BN Hydrogen
Investment stage

The value of DER and impacts of uncertainty across networks
Uncertainty representation

Integrated System Plan multi-stage scenario tree

Scenario #1, P; = 0.0018
Scenario #2, Ps = 0.0024
Scenario #3, P3 = 0.0042
Scenario #4, Py = 0.0038
Scenario #5, P5 = 0.0058
Scenario #6, P = 0.0020
Scenario #7, P7 = 0.0166
Scenario #8, Pg = 0.0034
Scenario #9, Py = 0.0316
Scenario #10, P19 = 0.0479
Scenario #11, P1; = 0.0163
Scenario #12, P12 = 0.1204
Scenario #13, P13 = 0.0247
Scenario #14, P14 = 0.0493
Scenario #15, P15 = 0.3445
Scenario #16, P15 = 0.0706

Scenario #17, P17 = 0.0850

Scenario #18, P15 = 0.1700

B. Moya, R. Moreno, S. Puschel-Lgvengreen, A. M. Costa, and P. Mancarella, “"Uncertainty representation in investment planning of low-carbon power
systems,” Electric Power Systems Research, vol. 212, Nov. 2022, doi: 10.1016/j.epsr.2022.108470.
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under deep uncertainty,” Electric Power Systems Research, vol. 235, p. 110824, Oct. 2024, doi: 10.1016/j.epsr.2024.110824.




The value of DER and impacts of uncertainty across networks
Deterministic versus stochastic planning — Investment decisions

Range of capacity for transmission line investments across scenarios
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The value of DER and impacts of uncertainty across networks

Capturing de-risking capabilities of DER coordination
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DER coordination shifts down and narrows the economic performance profile of the system
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The value of DER and impacts of uncertainty across networks
Capturing de-risking capabilities of DER coordination

Distribution of investments in transmission lines across scenarios
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P. Apablaza, S. Puschel-Lgvengreen, R. Moreno, and P. Mancarella, “"Valuing distributed energy resources flexibility in an uncertain and risk-aware low-
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The value of DER and impacts of uncertainty across networks
Capturing de-risking capabilities of DER coordination
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Anticipatory network investments are required to ensure DER coordination benefits in later stages

DER coordination is a de-risking strategy for transmission investment planning

P. Apablaza, S. Puschel-Lgvengreen, R. Moreno, and P. Mancarella, “"Valuing distributed energy resources flexibility in an uncertain and risk-aware low-
carbon power system planning context,” Sustainable Energy, Grids and Networks, vol. 43, Sep. 2025, doi: 10.1016/j.segan.2025.101850.
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Planning integrated energy systems

Where and when to prioritise infrastructure investments?

East-Coast Electricity System
“With coal retiring, renewable

energy connected with
NQ

Northern
Queensland

transmission and distribution,

/)‘

firmed with storage and backed 3 _ 3 GW o N\
up by gas-powered generation Installed gas-fired | gt o
is the lowest-cost way to generation, 2025

supply electricity to homes and
businesses as Australia
transitions to a net zero

economy.” - AEM0 20241sP 8 9 GW \

Installed gas-fired
generation, 2025 :
Southern area i

Sources:
Australian Energy Market Operator (AEMO), 2024 Integrated System Plan (ISP) & 2025 Gas Infrastructure Options Report

EPICS Centre International Workshop, Newcastle, January 2026

East-Coast Gas System

.

Gippsland

GLA

Gladstone

RO




Planning integrated energy systems

Where and when to prioritise infrastructure investments?

Expected energy transition to 2050 ('step Change’ scenario)

BeBe
Gas-powered generation
(mid-merit and flexible)

to increase

NOW 2035 2050
12 GW 12 GW 15 GW

Sources:
Australian Energy Market Operator (AEMO), 2026 Draft Integrated System Plan (ISP), December 2025
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Planning integrated energy systems

Where and when to prioritise infrastructure investments?

East-Coast Electricity System
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Planning integrated energy systems

Where and when to prioritise infrastructure investments?

Optimal deployment of technologies

(a) Gas fired generation (b) Gas processing facilities (c) Electricity transmission

24
15 1 900
l ] T
5 . 1 300 I 1 1
| ]

2030 2035 2040 2030 2035 2040

Year Year

5
(T)/day)
(GW)

8

|
e

2030 2035 2040
Year

Invested capacity
(GW)

Deterministic Deterministic
W iloed planning — Integrated planning

“Siloed” planning: generation and transmission required, with prevalence of adequacy and investment risks

Integrated planning between electricity and gas systems reveals a strategic investment pathway
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Planning integrated energy systems

Where and when to prioritise infrastructure investments?

Optimal deployment of technologies
(a) Gas fired generation (b) Gas processing facilities (c) Electricity transmission
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“Siloed” planning: generation and transmission required, with prevalence of adequacy and investment risks
Integrated planning between electricity and gas systems reveals a strategic investment pathway

When uncertainty is accounted for, investments become actionable, and therefore, much less risky
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Key takeaways

= A stochastic, risk-aware planning philosophy would enable planners to:
— Capture and mitigate the risks posed by long-term uncertainties
— Control risk preferences
— Facilitate the identification of technologies with de-risking potential
— Support the development of robust investment strategies

= DER coordination is a de-risking strategy for large-scale transmission
planning, both in terms of costs and investment decisions

= Coordinated investments across electricity and gas systems are a more
efficient, coherent and less risky investment pathway

= Deterministic planning is less suitable for revealing the benefits of flexibility
and system integration, as well as the underlying cost-risk trade-offs

EPICS Centre International Workshop, Newcastle, January 2026



Always open for collaborations!
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New Global Research Centre to provide EPIC
clean energy boost

RESEARCH WORK WITH US CAREERS

.. / NEWS / ALL NEWSAND ARTICLES /

Australian institutes spearhead global efforts in clean
energy innovation

The new Electric Power Innovation for a Carbon-Free Society (EPICS) Centre will address challenges in clean energy
production and storage.

pablo.apablazadonoso@unimelb.edu.au
pierluigi.mancarella@unimelb.edu.au

EPICS Centre International Workshop, Newcastle, January 2026
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Thank you!
Any Questions?
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pablo.apablazadonoso@unimelb.edu.au
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