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About CANET: Enabling the energy grids and markets of the future

b
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Federation

+ Delivers data-driven research, in
collaboration with government, industry

UNIVERSITY and academia - to assist the rapid
i transition of the energy sector.

A

% + The Centre’s novel energy solutions
oy address:

.
DEAKIN
UNIVERSITY
[ J

Data access and utilisation
New energy adoption

Evidence-based policy & program
support

nmm . . .
Y Emerging skills gaps
AusNet
o + The Centre is an independent, member-
CITIPOWER based, not-for-profit company with an area
of focus on the local energy systems,

_ spanning distribution networks to

consumers.
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./

Jemena

Policy & l ’ Data Access

Thought &
Leadership Utilisation

Decentralisation &
Democratisation

Energy Market &
Grid of the future

e N

4
Data availability
"
New Energy Skills
Adoption : Devel?‘pment

Areas CANET aims to improve

Key trend factors for CANET

et tiasssssssssssssessssssensasenensasnnsnnnnn CANET’s impacttarget

CANZT



CANET

The National Electricity Market
introduction

Historical overlay

Current dynamics

Impact of EVs



Image Source — AGL

The National Electricity Market (“NEM”)

+ ng;;menced trade as a wholesale spot market in
1998.

+ Interconnects 5 regional market jurisdictions:
- Queensland
- New South Wales (including ACT)
- Victoria
- South Australia

-  Tasmania
BRISBANE

~200 TWh electricity
9 million customers

SYDNEY
ADELAIDE

54 GW generation capacity
~S17B trades/a “MELBOURNE

'HOBART

+ + + + +

~40,000 km transmission and distribution cables
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The NEM is in transition

[, 00, 100
Generation Transmission Distribution End Use

Response

Energy
Efficiency

Variable
Energy Transmission Distribution
Resources
ﬁ ' Distributed Distributed
i — Storage Energy
Grid-Scale Transport Resources
Storage

https://www.eia.gov/international/overview/world
AEMO QED Q32022, Schematic source US DoE

Decentralisation &
Democratisation

Energy Market & Grid
of the future

Decarbonisation

Data availability
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With long-life assets to be planned for

Australia electricity production by source

Source: EIA
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The generation mix is heading to variable renewable energy

Change in supply — Q3 2022 versus Q3 2021

Change in supply — Q3 2022 versus Q3 2021 by time of day -
2,000 % 200
S 1,500 =
=
:; 1,000 %
g ’ c 1 00 7
G 500 ©
© L -
o)}
E 0 o 0 - T T T T
2 )
< -500 (@)
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 O:C EE _1 00 i
m Brown Coal mBlack Coal Wind mGas Hydro Grid Solar Distributed PV g

Gas

Wind

Grid Solar
Hydro

Distributed PV

[
o
O
S
o
08

Black Coal

CANZT



...and the current gas increase is only recent

Change in supply — Q4 2021 versus Q4 2020 by time of day
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What does a day looks like from a generation perspective
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Image Source — NEM Watch accessed 7/11/22
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The energy system need be designed for both minimum and maximum

demand

Operational Demand 2017 - 2021 Nov Average
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Minimum demand a growing issue as self-consumption increases

Q3 minimum operational demand and maximum PV generation trend
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Touch on pricing — it’s complex, but there’s an opportunity for transport

Queensland scheduled demand'®, generation availability and spot price — 4 to 5 July 2022
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Pace and magnitude of change in generation is quite foreseeable...

Capacity (GW)
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Insights: EV Customers increased their consumption significantly...

More than 60%

70% increase
60%
50%
40% EV rebate
program starts
30%
...... DB1-EV
200 e e N e e DB2-EV

10% = DB1-Reference

= DB2-Reference
0%
-10%

-20%

EV Cohorts by area | Change in grid energy use compared to same month in prior year (%)

CANZT

*EV refers to all EV Rebate recipients, regardless of the status of their EV Rebate application; including customers who will not have received their vehicle yet.
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Insights: The greatest additional use is overnight.

74% increase from
5pm-5am

A
v
A
v

18
£
GL) 16
&
o 14
o+
5
o 12
g <
Q=2 10
c X~
o=
a o 8
E ©
2=
c
8 4 I ' I I I ' I
©
c 2
Q
)
£ 0

0:00:00 3:00:00 6:00:00 9:00:00 12:00:00 15:00:00 18:00:00 21:00:00

Time

B March-21 ™ March-22

CANZT

Note — single area of analysis shown for simplicity and consistency (~30% of overall sample data)



L\ S— :
e
Vi T —. -

Solar households exporting 50% more than they consume from the grid
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Opportunity for transport and electricity

Value release

Orchestration

* Market platforms Wholesale market
» Mediation framework participation
Network savings
3 s
M
o < ’ 2
e 3 Dynamic strategies
% 8 ° NetWOI’k mOdGlS/-m(.)nitOring Additional exports
3 2 * Dynamic export limits System security
g0 » Smart DER
- =
© 0
Z &
Static strategies
* Export limits Self-consumption
» AS4777 advanced power quality modes Passive energy
» Traditional network upgrades exports

» Tariff reform

WV

Sophistication
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Thank you

Centre for New Energy Technologies Ltd
ABN 56 626 202 480

CANET.com.au
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APPENDIX — back up slides .



VRE curtailment — an emerging issue

Figure 34 NEM VRE curtailment increases to record levels?’
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Figure 4.5: Networks are highly sensitive to temperature
Average daily minutes of outage per customer, 2009 to 2018
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The distribution system mix

Image Source — Open Energy Networks
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Key aim and scope

+ ESP-V is being developed as a collaborative research project that involves multiple universities, industry partners and
government stakeholders.
+ The key aim is to methodologically inform post-2030 electricity system planning downstream to the transmission level:
+ Providing quantitative inputs into future planning strategies;

+ Addressing the impact across the whole distribution system and its implications for the transmission system,
particularly measured in terms of changing profiles of loads profiles and distributed energy resources and relevant
implications for asset requirements;

+ With focus on the impact of the electrification of transport and domestic gas and its interaction with localised
renewables and distributed energy resources.

+ The project is organised through different work packages that bring together different multi-partner subprojects that are
cohesively developed to ensure consistency in outputs and methodologies that could then be used for business-as-usual
implementations by different stakeholders.

+ The methodologies and outcomes are designed to allow scaling up to other states beyond Victoria.

+ The project will NOT provide forecasts, but rather outcomes, insights and input data based on what-if scenarios that could be
used by relevant stakeholders in their studies and general business as usual decision-making.

CANZT
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ESP-V Essential Building Blocks

The programme collaboration will build and increasingly leverage a shared data asset that captures the key technical,
operational and economic characteristics and performance of our complex and rapidly evolving energy system

SYSTEM CHARACTERISATION CHAN=Z=T COLLABORATIVE PROGRAMME

B ARCHITECTURE

Technology
Topology
Capability
Capacity
Costs
Constraints

"

ED DATA
ODEL ASS

B DYNAMICS

= Supply/Demand
= System response and
parametric functions

B SCENARIOS T T

H%

inputs/outputs
B PERFORMANCE

= Technical

» Operational DICTIONARY / DATA MANAGEMENT
= Planning

= Economic STAKEHOLDERS
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Program Focus

The program builds on a core understanding of the network implications of electrification to explore the implications for stakeholders
of future technical and business architectures — and their ultimate implications for national markets and stakeholders.

TRANSMISSION DISTRIBUTION ENERGY USE ECONOMY

WP1: KEY INPUTS, METHODOLOGIES, AND NETWORK
IMPLICATIONS OF ELECTRIFICATION WPO:
SYSTEM
WP2: TECHNO-ECONOMIC IMPLICATIONS OF FUTURE ARCHITECTURES CHARACTERISATION
AND
COLLABORATION
PLATFORM
WP3: WHOLE-OF-SYSTEM IMPLICATIONS: TECHNICAL, ECONOMIC, POLICY

CANCZT



Stakeholder Application

The project and its components are being shaped to deliver:

+ Policy makers — Better informed policy positions through modelled outcomes with a foundation of the system
physics at high, medium and low voltage distribution networks and opportunities/impacts for consumers.

+ DNSPs — Longer-term detailed modelling beyond the capacity of existing internal resources based on generic
distribution system topologies that they could then match up with their own systems.

+ AEMO — A means to assess more nuanced modelling outcomes against the ISP methodologies for further
improvement and consideration of the depth of modelling needed at the distributed level and Australia-wide,
and insights into the distribution systems ability to address/reduce transmission level challenges.

+ Research partners — collaborative research opportunities, direct industry engagement, nationwide exposure and
direct & live technology transfer

+ All — Harmonised assumptions, consistent methodologies, and modelled outcomes of scenarios to inform more
efficient planning and policy discussions between multiple industry partners, regulators and policy makers to
help steer towards the more desirable scenario outcomes;

+ Hence freeing up diverse groups to focus the debate on the issues, not the numbers; and

+ Insight into impact of alternatives to unmanaged growth and consumer use of different technologies.

CANZT
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Insights: Overnight charging appears to be the predominant behaviour

+ EV charging behaviour corresponds to the majority of usage increases from Mar 2021 to Mar 2022.
+ EV charging is not predominant during solar hours

+ Prolonged charging into the night rather than just a short sharp peak
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0 N\ 7/ NN )
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M % increase Solar EV. M % increase No Solar EV  * % increase Solar Randomised # % increase No Solar randomised

Energy increase by band from March 21 to March 22
N

CANZT

29/15

Metering intervals have been grouped by major zones of importance for generators and system operators.
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Insights: Comparing solar (70%) and non-solar customers

+ Still to be determined is the extent to which solar customers are using their solar to charge their EV.
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Emerging market opportunities

Figure 49

increasingly occurs during the day

WEM minimum demand
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Negative price events make balancing a market increasingly difficult

Figure 20 Record occurrence of negative prices in South Australia and Queensland

Frequency of negative or zero spot prices in South Australia and Queensland.
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Image Source — AEMO Quarterly Insights Q3 2019
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The levcel of curtailment is an orchestration opportunity

Figure 36 VRE system sirength curtailment remains minimal since Q3 2021
Average NEM VRE curtailed by constraint type
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Emissions are on the path down, but a long way to go to meet
government goals

Quarterly NEM emissions and emissions intensity (Q3s)
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Batteries offer an insight to EV opportunities in the energy market

Estimated battery revenue sources — quarterly
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Change in daily net demand curve is driven by uptake of solar

35
Solar capacity added to the grid by state .96 GW
2.88 GW 3
25
2.16 GW
2
1.62 GW
15
1.12 GW
1
0.75 GW
05
0
2016 2017 2018 2019 2021

BMACT ENSW ENT mQlD mS5A mTAS mVIC RWA

CANZT

Source — Australian Energy Council Solar Report (Jan 22)



