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Agenda

10 min Overview and Framing: Why is ECA hosting a series of webinars on energy planning?
Brian Spak, Energy Consumers Australia
20 min Reimagining Resource Planning
Lauren Shwisberg, Rocky Mountain Institute
20 min Different approaches to planning, the importance of incorporating uncertainty and risk, and the

role of emerging technologies
Pierluigi Mancarella, University of Melbourne
15 min Panel discussion with

Pierluigi Mancarella, University of Melbourne

Lauren Shwisberg, Rocky Mountain Institute

Eli Pack, Group Manager System Planning at Australian Energy Market Operator (AEMO)

Nicholas Horan, Manager, ISP Review Section — National Energy Transformation Division, DCCEEW
15 min Audience Q&A - Please submit your questions via the Q&A feature in Zoom.

5 min Close



Affordability is consumers’ top priority in the energy transition

There are a number of potential challenges ahead for the Australian energy system...
Which do you think is the MOST important to consider?
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Source: Energy Consumer Sentiment Survey June 2023; All households (n=2,120)



https://ecss.energyconsumersaustralia.com.au/sentiment-survey-june-2023/featured-content-household-sentiment-june-2023/

The average household’s energy spending is mostly
focused on transportation, which is outside of energy
system planning...
..for now...

2023 Household Energy Spending
mElectricity mGas mPetrol+ICE Vehicle

Source: Energy Consumers Australia, 2023. “Stepping Up: A smoother pathway for decarbonising households”, August 2023.



Source:%20Energy%20Consumers%20Australia,%202023.%20%E2%80%9CStepping%20Up:%20A%20smoother%20pathway%20for%20decarbonising%20households%E2%80%9D,%20August%202023.

Planning informs network infrastructure and wholesale
energy, which account for “80% of the average
household electricity and gas bills.
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https://energyconsumersaustralia.com.au/wp-content/uploads/CSIRO-Technical-Report-Stepping-Up.pdf
https://energyconsumersaustralia.com.au/wp-content/uploads/CSIRO-Technical-Report-Stepping-Up.pdf

Planning informs network infrastructure and wholesale
energy, which account for “80% of the average
household electricity and gas bills.
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https://energyconsumersaustralia.com.au/wp-content/uploads/CSIRO-Technical-Report-Stepping-Up.pdf
https://energyconsumersaustralia.com.au/wp-content/uploads/CSIRO-Technical-Report-Stepping-Up.pdf

What is the best relationship between energy planning
and energy policy? What if “the market” doesn’t deliver?

Growth in Clean Dispatchable Capacity Resources in the 2022 ISP
(Step Change Scenario)
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What is the proper scope for planning?
How integrated should our planning be?

DEVELOPING ACT'S

R Developing our future Electrifying our Electrifying complex
Canberra is electrifying: k d . buildi
sty . energy network an community uildings
emissions city sharing the costs

ﬁ&ﬁﬂﬁ
oIno
no alals
Electrifying business Electrifying Industry Skills and workforce
and Heavy transport for the transition

The ACT Government is seeking community and stakeholder feedback on the proposed policy directions
under each focus area to inform development of a final IEP, expected in early 2024,

©

Source: ACT Government, 2023. “Canberra is electrifying: Towards a net zero emissions city”, Developing ACT’s Integrated Energy Plan - Position Paper, August 2023.



https://hdp-au-prod-app-act-yoursay-files.s3.ap-southeast-2.amazonaws.com/1216/9138/6293/Integrated_Energy_Plan_Position_Paper_ACCESS_FA2.pdf
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Webinar 1: Planning with purpose
Why do we plan and how might we do it better?

TODAY

Webinar 2: Demand-side solutions For a least-cost transition

How can we best integrate CER and efficiency into planning?

13 October 9am-10.30am AEDT

Webinar 3: Transmission and distribution planning
How might we better plan the distribution system?

20 October 9am-10.30am AEDT

Webinar 4: The future of gas network planning
How might we best plan the gas network and align gas and
electricity plans?

27 October 9am-10.30am AEDT



https://us02web.zoom.us/webinar/register/WN_zFs1DxFERXCzvPKnpSkoUQ
https://us02web.zoom.us/webinar/register/WN_FDq4M1SDSQugNxE560wYUA
https://us02web.zoom.us/webinar/register/WN_PG-NeSibRiir5N28rUik1g#/registration
https://us02web.zoom.us/webinar/register/WN_eSb5o7utTEmPylNbC1DSOw
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= Introduction to RMI and context
for integrated resource planning
in the US

= Key findings on the evolving
‘purpose’ of integrated resource
planning in the US

= Examples of leading practices in
US states in integrating new
objectives or topics into plannin



VAN

Introduction to RMI and context for long-
term planning in the US




About RMI

RMI’s mission is
to transform the
global energy
system to
secure a clean,

prosperous,
zero-carbon

future for all

RMI - Energy. Transformed.

RMI - Energy. Transformed.

2022,
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Thought leadership & Direct support for Public Accelerate advocacy and
convening Utilities Commissions (state
regulators) and Utilities

decision-making wi
analysis

= Resource planning & , S GE
procurement best = Direct support for the Oregon o the Progis.| N

practices Public Utilities Commission st s e
" Reliability in updating planning to NMES
incorporate their landmark
climate law (HB 2021)

MA\RMI

M\RMI M\RMI . .
Reimagining How'to Bulld Elaan Direct support for advocates modeling

Resource Planning L = Support for the Hawaii Public health and economic impacts of
Utilities Commission in their proposed gas

Integrated Grid Planning .
= Case for more transparent modeling
Process through a case study in KY

RMI - Energy. Transformed.




M \RMI M \RMI

Reimagining Power Planning
Resource Planning to the People

How Stakeholder-Driven Modeling Can Help Build a Better Grid

Report / January 2023 Report / December 2022




Utilities in most US states do integrated resource planning

Planning requirements by state

) Has IRP requirement No IRP requirement [ No IRP requirement — primarily restructured

Source: US Environmental Protection Agency, State Energy and Environment Guide to Action: Resource Planning
RMI —Energy. Transformed. and Procurement, Figure 2; RMI analysis of EIA-860M to add distinction for primarily restructured states
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Key findings on the evolving purpose of
planning in the US




Resource planning is a crucial opportunity for utilities,

regulators, and stakeholders to shape the future electricity
system

| SRR
K

RMI - Energy. Transfor:



IRPs must maintain three core qualities to be effective tools
for utilities and regulators to evaluate resource decisions

Trusted The IRP is transparent and well vetted, with stakeholder
input.

omprehe - The IRP can accurately represent the costs, capabilities,
system impacts, and values of resources that might be
available within the planning time horizon;the IRP can
consider actions across the transmission and distribution
systems as portfolio options.

Itis clear how the plan evaluates options to meet traditional
planning requirements such as reliability, affordability, and
safety, as well as state and federal policies and customer
or company priorities, such as reducing emissions and
advancing environmental justice.

RMI - Energy. Transformed.



Several key trends are challenging utilities and regulators to
maintain these qualities in planning processes

« Rapid technology change and shifting resource costs

* New policies that expand planning objectives in US states beyond affordability,
reliability, and safety to include:

* Emissions reductions

« Advancement of environmental justice

» Economic development

« Support of electrification of transportation, buildings, and industry

Recognition that distribution and transmission impact resource planning (and
vice versa)

Links between planning and local air quality, health, jobs, energy bills, and
climate change

RMI —Energy. Transformed.

11



To ensure these new expectations don't “break the camel’s
back”...

< New IRP expectations risk being

like the straw that breaks the

camel’s back
RMI - Energy. Transformed.

12



...leading US utilities and regulators are proactively and
repeatedly refining IRP purpose, scope, roles, and tools

> Purpose Scope

™ et @ ) wiemw

Roles Tools

RMI —Energy. Transformed. 13



We identified
several options' dieribartion planning Phecne Sor AN
being used by
leading utilities L
across the US to
enhance e
resource g e
planning
practices to creggreoues\ s
make them more
comprehensive,
trusted, and

Meaningfully transparency

al i g n ed engage stakeholders

Analyze air quality

RMI - Energy. Transformed. Source: RMI



VAN

Examples of leading practices in US
states in integrating new objectives or
topics into resource planning




IRP quality Description of planning enhancement

Trusted

RMI - Energy. Transformed.

2.

Prioritizing transparency
Meaningful engaging stakeholders

3. Integrating resource, transmission, and distribution planning

4. Using all-source solicitations in planning

5. Updating assumptions for DER adoption and demand-side value
6. Accurately representing emerging resources and their value

7. Updating approaches to planning for reliability

8. Accountingfor carbon emission and decarbonization targets

9. Analyzingair quality and health impacts

10. Including affordability, jobs, and environmental justice

16



Each of these options affects one or more "building blocks" of
integrated resource planning process

Establish assumptions

Develop forecasts
Set objectives and scenarios
Determine system needs
Identify solutions
Evaluate solutions

Finalize plan

Source: “Standard Building Blocks” from the National Association of Regulatory Utility Commissioners-National Association of State Energy
Officials (NARUC-NASEQ) Task Force on Comprehensive Electricity Planning, 2019
RMI - Energy. Transformed.



Options for accurately representing emerging resources and

their value

Select models and use features

Establish assumptions

Develop forecasts

Set objectives and scenarios

that enable more spatial
and temporal granularity*

Entergy Louisiana’s pre-IRP filing
included a comprehensive
assessment of the technological

maturity levels of all options it
might consider in its IRP, and
included several “demonstration’
options in its modeling

)

RMI - Energy. Transformed.

Determine system needs

Identify solutions

Evaluate solutions

Finalize plan

Implement

3

Include resource options

that are expected to be
available in the market

within the planning horizon

18



Integrating distribution planning can occur before or
throughout the resource planning process

Establish assumptions

1. In Minnesota, current integrated

Develop forecasts distribution planning (IDP)
requirements ask utilities to
Implement a distribution system Set objectives and scenarios describe how IDP and IRP are
G planning process to complement coordinated

resource planning* Determine system needs

Identify solutions

Evaluate solutions

Finalize plan

Implement
RMI —Energy. Transformed. . 19




Options for improving DER adoption and value in the IRP

process

Model DER adoption and electrification
forecasts more granularly

Treat DERs, including energy efficiency,
as a resource in planning

AES Indiana has created
demand-side management

supply curves that are
selectable resources

RMI - Energy. Transformed.

Establish assumptions

Develop forecasts

Set objectives and scenarios

Determine system needs

Identify solutions

Evaluate solutions

Finalize plan

Implement

A Hawaiian
A% :
Electric uses
“bookend”
scenarios by
Model interactions Sl n.g
among DERs and integrate DER_ adop.tlon
those into planning trajectories
scenarios

Value the reliability
contribution of
DERs in planning

20



Options for updating reliability modeling throughout the IRP

process

Establish assumptions

Redefine the goals

Develop forecasts

and metrics for
assessing

Set objectives and scenarios

reliability in an IRP*

Determine system needs

Integrate resilience
into planning*

Identify solutions

PacifiCorp in
Washington assesses

climate impacts on
load and resource
availability

Analyze the impacts of reliability-
threatening scenarios, including those

exacerbated by climate change
If Understand regional reliability needs

Improve alignment between portfolio

Oregon planning guidelines require

Evaluate solutions

utilities to assess expected and

worst-case unserved energy in

Finalize plan

addition to loss of load probability

Implement

and planning reserve margin

*Applied before and throughout the process

RMI - Energy. Transformed.

optimization models and reliability
analysis

21



Options for including affordability, jobs, and environmental.
justice in resource planning

Establish assumptions

1. In Minnesotaq, utilities are required to
Develop forecasts : " . ”
consider the “human impacts” of asset

o - retirements in their planning, including
Set objectives and scenarios : :
collaborating with workers and worker

representatives.

2. CPUC requires utilities to

identify which disadvantaged
communities they serve.

Determine system needs

deeﬁr:Ie antd ma:Ip Estimate comparative rate impacts
isadvantage :
e communitiegs Identify solutions of portfolios
to assess impacts* Factor community acceptance into
Evaluate solutions |~— resource availability and feasibility
of plans
Finalize plan
Plan for community transition
associated with asset retirements
Implement

22

RMI- *Applied before and throughout the process
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Risk-aware flexible
whole-system planning

Prof Pierluigi Mancarella, FIEEE
Chair of Electrical Power Systems, The University of Melbourne

Professor of Smart Energy Systems, The University of Manchester, UK
pierluigi.mancarella@unimelb.edu.au

Energy Consumers Australia’s 21st Century Energy System Planning Series
27th September 2023

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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Network planning and technology solutions:
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B. Moya, et al., “"Co-optimized Energy Storage and Transmission Expansions with Various Representations of Long-Term Uncertainty and Decision Dynamics”, EPSR 2022

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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Decentralisation
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Net zero can be reached in many ways...

Australia

in response to slow economic
recovery and load closures,
but continued PV uptake

05800

Azt
with a focus on energy efficiency,
DER, digital energy and step

increases in global policy ambition

to meet a national emission
abatement end-goal

Al

advantage to export hydrogen

Source: AEMO, ISP 2022

Underlying Demand

with Australia leveraging competitive

HIGH

LEVEL OF SOCIETAL CHANGE

LOwW

f

STEADY
PROGRESSION
* Slowest crodible
decarbonisation
* Minimal bohaviour change
* Decarbonisation in
power and transport
but not heat

| SYSTEM ® /
TRANSFORMATION |

|8

UK

CONSUMER
TRANSFORMATION
* Electrified heating

* Consumers willing
to change behaviour

* High energy efficiency
* Demand side flexibility

* Hydrogen for heating
* Consumers less inclined
to change behaviour

* Lower enorgy efficiency
* Supply side flexibility

sLow SPEED OF DECARBONISATION

Source: National Grid ESO, UK, FES 2021
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THE UNIVERSITY OF

MELBOURNE

LEADING THE WAY

+ Fastest credible
decarbonisation
« Significant lifestyle change
* Mixture of hydrogen
and electrification
for heating

NET ZERO
BY 2050

FAST

carella, The University of Melbourne

ECA Energy System Planning Series, Planning under uncertai
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What future do we plan for?

Coal Distributed PV Solar - PV Wind Annual Energy (_bnsumption
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carella, The University of Melbourne

ECA Energy System Planning Series, Planning under uncertai
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A vignette is worth more

POS JIUDE
THE UNIVERSITY OF

than one thousands words... MELBOURNE

The Flaw of Averages:
A statistician drowns while
crossing a river that is only
three feet deep, on average.

Sources: http:f/webd.stanford.edu/~savage/faculty/savage/FOA%20Index htm
WWW.danZigercartoons.com

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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We plan for the average but fear the extreme...

MELBOURNE

probability
density g0
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¥ MELBOU

Considerations in support of the 2022
Reliability Standards and Settings
Review

Briefing Note prepared for the Australian Energy
Market Commission

Probability
] -a Pierluigi Mancarella
A The University of Melbourne
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https://www.aemc.gov.au/sites/default/files/2022-08/Pierlugi%20Mancarella%?20-%?20Briefing%20note%20-%20form%200f%20the%_20reliability%20standard. pdf

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023



ity
er

The Universit
of Manchest

Network Options Assessment
Methodology

y System Operator

MANCHESTER - .- =
How can I make a risk-aware decision under
uncertainty over multlpl scenarios?

MELBOURNE

We've been discussing with Ofgem about how suitable the LWR approach is for the NOA. In
response to Ofgem’s approval letter for the 2019/20 NOA methodology, we undertook a NIA
project to review current transmission investment planning practices worldwide and assess
the best decision making approach to planning under uncertainty. As part of this, we engaged
the University of Melboumne to investigate the matter and advise us. They concluded that

Netaors Optors
wos Sundwd

ooty
ot 27 agec o barcl yo 22021 coms 2
3 ey T000 A B

LWR is the best approach and suggested some refinements. These are to vary the scenario
weighting to test how stable recommendations are within the solution space. This will work in
concert with the implied probabilities that presented to the NOA Committee. We will continue

/

Least-Worst Weighted Regret
(LWWR) analysis

ISP
Methodology

For the Integrated System Plan (ISP)

In its work for National Grid, the University of Melbourne>® proved mathematically that the standard LWR
approach is in fact an application of the LWWR approach where equal weights are assumed for all scenarios
(provided that unlikely scenarios that were heavily influencing outcomes were not removed). Therefore, the
LWR and LWWR approaches can be thought of as a single approach, with the application of different weights.

See : P. Mancarella, et al., “Study of advanced modelling for network planning under uncertainty - Part 1”, Report for National Grid ESO, 2020: https://www.nationalgrideso.com/document/185821/download

© 2023 - P. Mancarella, The University of Melbourne

ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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But the modern investment problem is
even more complicated.... MELEOURNE
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Source: https://clockwise.software/blog/solve-the-chicken-and-egg-problem/

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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How can we facilitate risk-aware
proactive, anticipatory investment?

THE UNIVERSITY OF
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© 2023 - P. Mancarella, The University of Melbourne
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Deterministic planning
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o

R. Moreno, et al., “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”, Philosophical Trans. Royal Society A, June 2017

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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Scenario 4: high investment
cost of solar power generation

Scenario 3: mid-high investment
cost of solar power generation

Scenario 2: mid-low investment
cost of solar power generation

Scenario 1: low investment
cost of solar power generation

| §
| 4

Epoch Epoch Epoch Time
1 2 3

R. Moreno, et al., “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”, Philosophical Trans. Royal Society A, June 2017

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023
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... a flexible, stochastic planning methodology unlocks

s the option value of proactive investments e
Wire and non-wire solutions!

Scenario 4: high investment
cost of solar power generation

Scenario 3: mid-high investment
cost of solar power generation

Scenario 2: mid-low investment
cost of solar power generation

Scenario 1: low investment
cost of solar power generation

| §
| 4

Epoch Epoch Epoch Time
1 2 3

R. Moreno, et al., “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”, Philosophical Trans. Royal Society A, June 2017

© 2023 - P. Mancarella, The University of Melbourne ECA Energy System Planning Series, Planning under uncertainty, 27 Sept 2023



MANCHESTER
1824

y
er

The Universit
of Manchest

GPST ongoing work:
A stochastic ISP with risk ass

© 2023 - P. Mancarella, The University of Melbourne ECA E
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Comparison between stochastic and LWWR
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A stochastic plan enables identification of investment portfolios with
better techno-economic performance against different future scenarios
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Storage complements transmission,

reducing expected cost and risk

Cumulative probability distribution NEW INVESTMENT + OPERATION ISP2022
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A stochastic plan helps manage risk and extract the risk-hedging value of new technologies
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Integrated energy vector modelling
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I. Saedi, et al., “Integrated Electricity and Gas System Modelling with Hydrogen Injections and Gas Composition Tracking”, Applied Energy, 2021
S. Mhanna, et al., “Iterative LP-based Methods for the Multiperiod Optimal Electricity and Gas Flow Problem”, IEEE Trans. on Power Systems, 2021
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Do we move electrons or molecules?

Centralised H, production...

S. Mhanna, et al., “Iterative LP-based Methods for the Multiperiod Optimal Electricity and Gas Flow Problem”, IEEE Trans. on Power Systems, 2021 Courtesy of Future Fuels CRC
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How much and what storage do we need? LR
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Whole-system planning:

DER and investment co-optimization
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Electric Power Innovation for a Carbon-free Society (EPICS)

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
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The new Electric Power Innovation for a Carbon-Free Society (EPICS) Centre will address challenges in clean energy = LA
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CONSORTIUM

https://www.csiro.au/en/news/All/News/2023/September/Australian-institutes-spearhead-global-efforts-in-clean-energy-innovation

https://www.unimelb.edu.au/newsroom/news/2023/september/new-global-research-centre-to-provide-epic-clean-energy-boost
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Energy Consumers Australia

A national voice for residential and small business energy consumers.

We work to understand and ensure consumers have their expectations
and needs met through a modern, flexible and resilient energy system.

We proactively shape a vision for the future, influence and work with others to
drive change across the energy system to benefit consumers.

We influence the shape of the energy system now and in the future by
creating a trusted voice for residential and small business consumers.
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