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The Engineering Framework takes a holistic view of the changing characteristics of
the energy system to help facilitate an orderly operational transition of the National

Electricity Market (NEM).

The purpose of this March 2021 report is to:

AExplain what the Engineering Framework i
approach to preparing for future system conditions.

A Summarise the work in progress across industry to prepare for future system operation.

A Invite stakeholder input on the future operating conditions which AEMO will use to
inform its future priorities and others may choose to use for their own purposes.

A Invite stakeholders to engage in this planning process and identify areas to collaborate.

This publication has been prepared by AEMO using information available at 25 March 2021.
Across industry, there is a lot of work that is both in progress and upcoming. Where
possible, links are made to pages rather than specific documents, so they remain current as
long as possible. However, the currency of information cannot be guaranteed after the date
of publication.
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Click on the navigation pane at the bottom of each page to
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a linked part of this report. Anindex of linksis provided at the end
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Click on a focus area or theme heading to take you to the relevant
section
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Figure 1: Propose&ngineering Framework approach

The NEM Engineering Framework aims to:

Current Continuing current work Bridging the Future
knowledge with 6éno regretsd actiamns operational
Facilitate a discussion to identify possibléuture and work conditions
operational conditions for the NEM power system e
Consolidate a common view of thecurrent work underway 0 — £ 0
@ across industry to adapt the power system and existing
avenues forengagement e
Collaborate onidentifying where increased iNdUSLIY oo
focus is needed to bridge the gap between current work
and future Operationa' conditions How AEMO seeks to work with stakeholders:
Consolidating information about the major Ongoing industry Consulting on future
efforts already underway across industry collaboration operational conditions (this
(this report, from page 14) (future) report, from page 9)
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The upcoming consultation process with stakeholderaims to Figure 2: Focus areas for Objective B and Objective C
discuss and agree on theoperational conditions (Section 3) we as an
industry need to prepare for.

AEMO has identified 10 focus areas to frame theurrent work and

avenues for engagement(Section 4 onwards). These focus areas A Resource Adequacy A Control Room and

have evolvedfollowing consultation on the Engineering Framework A Frequency Support

information pack?. .
Management A System Analysis

The 10 focus areas are spreaacross three broad themes: A Voltage Carial

A Attributes are the fundamental technical elements of power
system operation that are needed to ensure reliability and
security. These are defined in the@ower system requirements System Restoration O PERATIO NAL

papers”. CONDITIONS

A Operability is the ability to manage the power system within
security and reliability standards. It includes the data, tools,
training, analytical capability and market mechanisms to support
operation.

)

System Strength

T

A Integration is the process of adapting both the existing system
and the innovative ways in which parties are interacting with the
power system, so the system will continue to meet consumer
expectations.

These proposed focus areas will also be used tootlaborate on A Resilience

identifying where increased industry focus is needed to bridge the A Performance Standards

gap between current work and future operational conditions. o
A Distributed Energy Resources

Acronyms

& links ﬁ

2 Stakeholder 3 Operational 4 Work underway
engagement conditions summary

5 Attributes 6 Operability 7 Integration



https://aemo.com.au/-/media/files/initiatives/engineering-framework/engineering-framework-information-pack.pdf?la=en
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Power-system-requirements.pdf

Stakeholder engagement | Feedback to date

In December 2020, AEMO published an
information pack outlining our desire to work
with industry to develop an Engineering
Framework to complement and support
ongoing industry efforts to manage the
changing NEM power system.

AEMO had early discussions throughout
December 2020 and January 2021 with
stakeholders, including market bodies,
transmission and distribution network service
providers (NSPs), and consumer advocates, and
hosted an industry workshop in February 2021.

This engagement yielded strong support for
the proposed concept, and important
suggestions on how the Framework process
could provide maximum value.

In developing this March 2021 Report, AEMO
has acted on these suggestions as follows.

Greater clarity on how the
Framework fits with other industry
processes

The bridge analogy inFigure 1seeks to show
more clearly the role of the Engineering

Framework in enabling the operability of the
NEM throughout its transition.

l Introduction

3

Figure 3articulates the different roles and
responsibilities of key energy sector actors in
contributing to the future design and operation
of the NEM power system and market. Within
this context, it explains how the Engineering
Framework fits within
and responsibility as national planner, system
and market operator.

Setting goals and measuring
progress

Stakeholders asked how goals will be set and
progress measured as part of the Framework.

To this end, AEMO seeks through this March
2021 Report to start a discussion with industry
on the target future operational conditions we
should be collectively preparing for. These
operational conditions can form the basis for
goals and progress measurements.

Operational 4 Work underway
conditions summary

Greater transparency on AEMO
activities and development of future

AEMO priorities
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with refined objectives and proposed approach

for the Framework, and subsequent
collaboration on next steps

This report also seeks to collate and share
information regarding current work in progress
(including

acr oss

i ndustry

activities) to adapt the system.

The Framework will then serve as a vehicle

moving forwards to collaborate with

stakeholders to inform how efforts by AEMO
and across industry should be prioritised.
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Figure 3:How the Engineering Framework fits with other industry processes

How the Framework fits in with AEMOO® sRolesarndeesporsiilities aceossindusty i b i

Consumers and industry participants are the ultimate users
and should define desired system performance outcomes

Scenarios are developed, in consultation with industry, for input into planning and
forecasting publications (e.g. ESOO, ISP)

e PAYErNMENEs (S¢t the diregtion; of thesypierp evolution
through policy

Integrated System Planisan acti onabl e roadmap for
system to optimise consumer benefits through a transition period of great
complexity and uncertainty.

NSPsare the planners and operators for their networks

Engineering Framework takes a holistic view of the changing characteristics of the
energy system to help facilitate an orderly operational transition of the NEM.

Coordinated approach
to design of the power
system and market

Planning for Operability includes declaration of need for services to ensure a secure|
and operable system over the next five years (NSCAS, inertia, system strength)

ESBprovides high level thinking on market design

Operational Planning includes a range of preparatory actions for the system and
control room personnel, leading up to reattime (PASA, outage management,
situational awareness, PSFRR)

AEMC details specific market design and implementation

Real Time Operations involves running the system securely and reliably dajo-day
(PASA, Dispatch, market notifications)

AERregulates energy networks, retailers and wholesale
markets

ESOO: Electricity Statement of Opportunities, ISP: Integrated System Plan, NSCAS: Network Support and Control Ancillarxc&gM®ASA: Projected Assessment of System Adequacy, PSFRR: Power System Frequency Risk Review,
ESB: Energy Security Board, AEMC: Australian Energy Market Commission, AER: Australian Energy Regulator
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AEMO is looking to work closely with stakeholders on how efforts
across industry are prioritised, so we can collectively act early to

address the most urgent issues. AEMO is proposing a flexible, staged approach to engaging with

stakeholders, including:

How you can get involved Figure 4: Indicative timeline of activities

From Section 4onwards you will find links to specific existing opportunities to get involved in

activities grouped under each focus area. We welcome feedback on any key work in progress not THIS REPORT
captured in this report. December 2020 March 2021 April -June 2021 Second half 2021

. . . ) o ) Information pack Engineering Framework: Targeted stakeholder Engineering Framework:
AEMO will be looking to have an open industry discussion in April and also targeted stakeholder published March 2021 report discussions Update report

discussions through May and June to help identify operational conditions and any early priorities.

Questions to keep in mind as we start consultation include:

T T I | T
1. How would you like to be involved in the consultation process shown in Figure 47? .O-O-O-O-O-O-O»

2. Inthe approach section, AEMO has outlined a series of aims and focus areas. Are there
ways we could improve this approach?

3. This report discusses the concept of operational conditions . What types of operational AU AV Al SIS
gt d further di o Industry virtual Open online Periodic open
conditions need further discussion’ workshop discussion session forums

When you see the outcome of initial discussions on operational conditions, think about where you
see the biggest gaps requiring priority action. For any such priorities, what do you see as the roles
and responsibilities of different parties?

Feedback from stakeholders through April to June will inform next steps. Our desire is to establish a

clear plan forward, including goals, actions across industry, and timelines. ; ; ; -
Get in touch with AEMO or sign up to our mailing listat  FutureEnergy@aemo.com.au
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Figure 5: Proposeétngineering Framework approach Objective A

Future
This section of the report relates to Objective A: operational
conditions
Facilitate a discussion to identify possible future
operational conditions for the NEM power system 0

How AEMO seeks to work with stakeholders:

Consulting on future
operational conditions

9
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The NEM has experienced significant growth in wind and
solar over the past decade. Figure 6 shows changes in half
hourly wind and solar generation compared to synchronous
generation over the past three years, highlighting:

A Higher wind and solar penetrations & maximum levels
rose from 38% in 2018, to 47% in 2019, and to 52% in
2020. There were 23 days with penetrations above 40%
in 2019 and 109 days in 2020.

A Lower minimum synchronous generation 8 decreased
from 13.7GW in 2018 to 10.8GW in 2020.

A We are already in the realm of new and challenging
operational conditions. The Renewable Integration
Study(RIS3identified that for wind and solar
penetrations greater than 50%, coordinated action was
needed to support a secure transition.

The RIS also highlighted that operating a system above 75%
and towards 100% wind and solar penetration is uncharted
territory internationally. Figure 7 (next page) shows the
changing generation mix at a regional level. Figures 6 and 7
demonstrate the rapid trajectory towardsnew operating
conditions .

As an industry, we need toactively plan and consider what
changes need to be made so we are prepared to operate
during these periods. The Engineering Framework seeks to
collaborate on operational conditions that may arise, so the
power system continually delivers desired outcomes for
consumers.
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Figure 6: Wind and solar vs synchronous generation in the NEM
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Interpreting the penetration plot
Figure 6 shows actual wind and solar generation vs synchronous generation in the NEM for each haiur period for the 2018, 209 and 2020 calendar years.

A Synchronous generation ertical axis) is calculated as the output of all scheduled and norscheduled synchronous generation in gigawatts (GW) over a
30-minute period. This includes, but is not limited to, sources such as hydro, black coal, brown goal, gas, and liquid fuel.

A Inverter-based resources (IBR) generatiorn(rizontal axis ) is calculated as the total output of semischeduled and nonscheduled wind and solar and
distributed PV over a 3@minute period.

A Thedashed lines represent 25%, 50% and 75% penetrations of wind and solar. For example, points to the right of the 50% line indicate Hadfur periods
where wind and solar generation was greater than synchronous generation.
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https://aemo.com.au/en/energy-systems/major-publications/renewable-integration-study-ris

Operational conditions | Historic change

Figure 7: Wind and solar vs synchronous generation, NElitle and by region
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Operational conditions | Explained

What are operational conditions

o0Operational
generation mix and loading at a point in time or over a period of
time.

These conditions, and the transition between different conditions,
have to be managed in AEMO and NSP control rooms across the
NEM, now and in the future.

Power system operation is becoming increasingly dynamic, complex and
variable. There is increasing potential for system conditions to change
more rapidly on a given day, and faster than incumbent processes,
systems or technology were designed to respond.

The ISP identifies an optimal development path for the NEM consisting of
major transmission investments and other development opportunities.
This is based oneconomic and engineering assessmer? over a range of

enerqgy futures?®.

The ISP analysis assumes necessary actions have been taken over time to
enable an optimal energy transition. Future power system operability
hinges on us, as an industry, assessing future operational conditions and
taking necessary actions to prepare.

Figure 8 shows how operational conditions, discussed in this report, relate
to scenarios like those used in the ISP.
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Figure 8: Comparison of scenarios and operating conditions
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conditionsdéd means a particul ar networkScCc?pap(&uration,

Scenarios span a range of key uncertainties, including
rates of change in technology development,
renewable and distributed generation,
decarbonisation policies, climate trajectory and
electrification of other sectors.

Inputs, Assumptions
and Scenarios

2020 Inputs,

Assumpfions
d
Seancrios Report2°

Report

The Sustainable Growth scenario, proposed for the
2022 ISP, reflects a future with high global and
domestic decarbonisation ambitions, strong
consumer action on DER, and higher levels of
electrification of other sectors. This would be
supported by strong economic and population
growth.
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Operational conditions

Operational conditions are a particular network
configuration, generation mix and loading at a point
in time or a over a period of time.

Engineering
Framework

Operation on a particularday with very high
penetrations of wind and solar inthe NEM (or a
particular region) and no synchronous plant online,
then transitioning to a highly synchronous system to
meet peak demand in the evening.

There are a range of factors, beyond investment in
network support, that would be needed to manage
this day. TheEngineering Framework aims to
unpack these requirements.
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https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/inputs-assumptions-methodologies/2020/market-modelling-methodology-paper-jul-20.pdf?la=en
https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/inputs-assumptions-methodologies/2020/market-modelling-methodology-paper-jul-20.pdf?la=en
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/scenarios-inputs-assumptions-methodologies-and-guidelines













































































































