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o Net Zero
Clean energy transition?

* Global electricity sector has the key
role in clean energy transition

* Electrification of many currently non-
electricity energy sectors

* Powered almost entirely by renewables

Figure 3.10 = Global electricity generation by source in the NZE

Figure 3.9 = Electricity demand by sector and regional grouping in the NZE 75 e
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- Electrification of end-uses and hydrogen production raise electricity demand worldwide,

Solar and wind power race ahead, raising the share of renewables in total generation
Colla  with a further boost fo expand services in emerging market and developing economies from 29% in 2020 to nearly 90% in 2050, complemented by nuclear, hydrogen and CCUS




Is this the NEM?

...or the Eastern Australian
interconnected power system?

State of the
energy market

AR -

Participating jurisdictions

Qld, NSW, Vic, SA, Tas, ACT

MEM regions

Qid, NSW, Vic, SA, Tas

MEM installed capacity (including rooftop solar)!

67,046 MW

Mumber of large generating units

285

MNumber of customers?

10.2 millicn

MNEM turnowver 2020

£10.9 billion

Total electricity consumption 2020°

1900 TWh

Mational maximum demand 20209
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35,043

Electricity generation in the National Electricity Market
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s this the NEM

?

Wholesale, retail and
derivative markets

..however, around half
the $S goes to regulated
monopoly networks

...and many consumers
have little engagement
with market beyond
‘paying their bills’

Derivative trading
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And what is the NEM'’s purpose?

Still a trilemma given Balancing the

low cost renewables?  EFZRENNTE TP Y o

If yes, then choose
any two? (as NEM
NEO does)

Or instead balance a
complex set of trade-
offs between these
objectives
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e

Collaboration on Energy and
Environmental Markets

ENERGY
SECURITY

“To promote efficient investment in, and efficient
operation and use of, electricity services for the long
term interests of consumers of electricity with respect
o —

* price, quality, safety, reliability, and security of supply of
electricity; and

* the reliability, safety and security of the national
electricity system.”

National Electricity Law (Schedule to the National Electricity (South Australia) Act 1996), s.7

®

ENERGY ENVIRONMENTAL
EQUITY SUSTAINABILITY




AEMC and its consideration of a future ‘liveable planet’

Commission decision-making and climate change risks

 AEMC currently argues for climate - T | | @ !
. X . The Commission makes its decisions on rule changes with reference to the national energy
C h an ge consi d eration in ru I e objectives. These objectives do not specifically require the Commission to have regard to the

. - . long-term interests of consumers with respect to climate change or the environment, Instead,
C h an g es Wi t h e ga rd tO m |t I gat Ion the national energy objectives direct the Commission to consider the achievement of APPLYING THE
or adaptation risk g o s el st iy st e ot e[\ OB
services. However, in order to make decisions that meet the national energy objectives, the BT
Commission considers whether its decisions are robust to any impacts on price, quality,

impacted by mitigation or adaptation risk that manifests due to the issue of climate change.

safety, reliability and security of supply of energy or energy services, if these matters are ‘

®

4
i

A key aim of any transmission access reglme should be to pmwde apprnprlate prlce signals to

. b ut pe rh a ps a St ron ge r case on generatlngand transporting to mnsumers Efﬁclean is promoted when prices reect the E—

marginal cost of the provision of a particular product or service, as well as any positive or e e

COORDINATION OF GENERATION

[ ( . [ ’
strict efﬂ cien Cy g roun d S negative externalities. At times of transmission congestion, the Commission considers that s oy N IWVESTHENT

REVIEW |

dynamic regional pricing should send the right incentives to generators in order to improve o
the prospect of the lowest cost combination of generation being dispatched.
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e —
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s the NEM currently ‘fit for purpose’? —the ESB view..

* NEM should be judged on whether e
it can deliver affordable, secure and |
y . . . ) The Health of the National
reliable and low emissions lectrcty Market

electricity services

Volume 1: The ESB Health of the NEM Report

 |dentify remaining key affordability

and security challenges despite 2020 Ratings Last Year's Ratings
p rogress —— Current Qutlook Current Outlook
= i status status
Affordable energy and 7 Moderate- Moderate Moderate- Moderate
o Ok Wlth what iS Sti” IWOrld worst satisfied consumers Critical Critical
pra ctice’ emissions intensity? Secure electricity and gas Moderate- -
system Critical
* And are they confusmg market Reliable and low emissions Moderate Moderate Moderate

‘means’ with desired ends — a electricity and gas supply
‘good’ market delivering poor

Effective development of Good- Moderate Good-

outcomes? open and competitive markets Moderate Moderate
Efficient and timely Good- Moderate Moderate- Moderate
investment in networks Moderate Critical

— APSRC'21 - MacGill - Is t | Strong but agile governance Moderate Moderate Moderate Moderate
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Another framing for assessing whether NEM ‘fit for purpose’

* Secure economically efficient and . _ _
low emission operation with Suitably flexible, comprehensive and

growing, eventually extremely high, coherent on the means to these ends
renewable penetrations — particularly

wind and solar

Comprehensive and coherent
policy development process

e Robust, assured delivery of the 3. External Policy

. . . 1. Regulation 2. Market Design -
investment in zero emission : : Drivers
generation and associated enabling « Transmission » Fundamental + Carbon policies
technologies that completely network planning market design + Renewable &

: e * Distribution » Spot market rules energy efficiency
decarbonises the electricity sector network planring [l - Ancilary service olicies
within two decades « Grid codes market rules » Fuel policies

Robustness and Resilience: ability to perform reasonably well
under a wide range of possible futures

* Facilitating the high societal
consensus required to deliver
assured clean energy transition

A
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NEM ‘fit for purpose’ operationally?

NEM now operating at the leading edge of GW grid wind and solar penetrations (25%)

Figure 1.10 Share of wind, solar PV, hydropower and all renewables in total electricity 2| Nevonal Glendtn Energy &
generation, 2000-2026 o ey D
—— Renewables Wind and solar PV —Hydropower Monthly variable renewelable shares of
China United States total generation
- 35%
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% 70% 70% 30%
& gy, 60% 25%
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m Grid solar Small solar = Wind

European Union
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@
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e —— Renewables
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[ 2021

BN Analysis and forecast to 2026
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NEM ‘fit for purpose’ operationally?

Figure 1.12 System security directions

TO%

However, some significant market impacts including in .
‘security directions’, FCAS costs and RE curtailment
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Figure 1.15 Frequency control ancillary service costs
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ESB/AEMC Essential Systems Services (ESS) program

of work rolling out
.. yet challenges are only growing

.. and DERs need to be integrated into arrangements

System
req'ts  Drivers Reforms Expected ‘on the ground’ timing Next milestone
Controlling frequency around 50Hz Ysmaxy Jequency [Fpome NNSENT MBIREINS 1) Jers AEMC rule change draft determination
\ridar el condions — mandated obligation and Enduring arrangements in place from sunset Sept 2021
g = g enhancements (2023) P
s 0
SEC Fast frequency response Revised Market Anciliary Services
g3 - new ancillry service L L Specification by Dec 2022.
w
. Managing frequency under lower The potential gains from introducing a cooptimised spot market for inertia will be kept under
inertia conditions inertia soot market review as the power system evolves. Inertia spot market could be triggered by approaching
o minimum inertia levels, increased structured procurement and scheduling for inertia,
expanded technical knoviedge, and learnings from the WEM
o
220 eeyere :
£ g Managing h|_gher levels qf variability Ramping / operating reserves 2025 rule change wer ENERGY SECURITY B raft determination
£ & G | and uncertainty across dispatch 4 immediate implementati o
5 8| intervals - co-optimised market Post-2025 Market Desigh
s Final advice to Energy Ministers
2 Part A
v £ Maintaining Stability of inverter- ::29:;;9;: Zgﬁrﬁe?\;ﬁ%ﬁ T: i Pro-active TNSP-led pr
5 03) powier based resources Vi asion strer? n from 2022, with solution
£9 | system ) g
& g securityand || Complementing System Security Mechanism (SSM)
%98 | avoiding longer-term with - structured procurementin As soon as possible - 4
£ 9 | uneconomic || shorter-term operational timeframe + tool for determination (2025). ber to be published
%’, £ | constraints structured proc. scheduling system configurations
>0 Scheduling mechanism
oo | with reduced } 9
synchronous || Scheduing resources || Unit Commitment for Security (UCS)~ || structured procurement ges Dec 2021
generation for structured scheduling resources under structured || place by 2025
procurement procurement
c : s Further unbundling could be triggered by technical understanding enabling further
o Further unbundling of services : 3 : 2
5 g Improving efficiency and co-ordination g disaggregation of specific services and capabiities.
OE | ofdispatch Integrated Energy and Services Integrated ahead market could be triggered by learnings from experience developed through
'g- Ahead Market WDR and operational structured procurement and DSP and DER integration

Instantaneous renewable penetration (%)

Required upliftin power system capability

Operational

100%

NEM ‘fit for purpose’ operationally?

and engineering effort

conditions

NEM
Engineering
Framework

2018 2019 2020 2021 2022 2023 2024 2025

Calendar year

Minimum instantaneous penetration

Average penetration Maximum instantaneous penetration

Very high VRE and DPV, very few synchronous
tors, highly ised

= NEM regularly at very

high renewable

penetrations.
= Very high DER
penetrations

Step change required in
power system capability

High VRE and DPV, fewer synchronous
further dec lisati

= Very high renewable
penetrations NEM-
wide at times.

= Minimum system
load challenges
NEM-wide

\

Transition will require parallel paths:

- Maintaining and augmenting
capabilities of today’s system.

- Designing and implementing step
change for the future system

.
.
Yeu,,
-
..
"
Lr
-
L

** Constraints due to inherent

ower system limitations
Significant VRE and DPV but P Y

largely synchronous mix
= Very high renewable
penetrations in some
regions at times.
+ Minimum system
load challenges
in SA

Current trajectory of power
system uplift and reform

v

Today 5 years 10 years

Fewer synchronous generators I

Widespread energy storage

Responsive demand
Structural demand shifts

- D



Has the NEM ever been ‘fit for purpose’ for investment?

Mid 2000’s coal investment by Figure 1:  Entry and exit of generation capacity in the NEM, 2007 to 2020

QLD state government — State of the
corporations Snosgguaricet Committed

Late 2000s CCGT supported by 4000
QLD 13% Gas Scheme, NSW
GGAS, bipartisan support for a
national carbon price

3000

2000 — Entry

Wind and solar driven by
Federal Government MRET,
now State schemes

1000

Capacity (MW)

o

-1000 — Exit

— O S e S e S S e e e e e

Market driven? OCGTs, some
recent renewables (Corporate -2000

PPAs), and those coal plant
exits W Black coal W CCGT ™ OCGT mOther mBrowncoal M Wind M Large-scalesolar © Storage

—

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Globally too, key market role is mainly ‘facilitation’

Seems the likely future for
the NEM given State
renewables targets,
ongoing consumer DER
uptake

Suggests that the key
AEMC/ESB work should be
to facilitate these targets
intended to achieve clean
energy transition, provide
robust ‘backup’ should
those mechanisms fail to
deliver required renewables
and enabling technologies
investment

A
A
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Figure 7.28 -~ Power sector investment by remuneration mechanism ($2017)

2012 2017
710 billion dollars 750 billion dollars

= Wholesale market pricing Distributed generation (retail/regulated tariff)
» Regulated networks and battery storage m Regulated/contracted utility scale generation

\Welile
Enerqgy

Qutlook

~0I3




Does this look like clean
energy investment facilitation?

ESB reboots search for capacity mechanism
as renewables transition gains pace

Giles Parkinson 16 December 2021 m uI]

Victoria Big Battery. Image supplied

The Energy Security Board has re-booted its pursuit of a capacity mechanism in Australia’s main
electricity market, despite the urgings of many in the industry to move on and consider other
options.

The ESB earlier this year presented a series of new market rules, but was forced to go back to the
drawing board after widespread objections — from state ministers and most of the energy
industry — to a sort of capacity market that was dubbed “coal-keeper” because it was seen to
favour coal fired generators.

A— Although the idea had strong support from a handful of coal generators, and from federal energy
I— APSRC'21 - MacGill - Is the NEM ‘fit for purpos minister Angus Taylor, and despite the ESB's insistence that it was “technology neutral” and was

Collaboration on Energy and
Environmental Markets

not designed to favour coal - it has been forced to start again.



The ‘externality’ problem for market designers

 Electricity sector invariably has a wide
range of externalities whose values

. . . . Efficiency is promoted when prices reflect the
Ilkely OUtwelgh d ire Ct Ind USt ry COStS marginal cost of the provision of a particular product or service, as well as any positive or
* social, environmental are key negative externalities. /At times of transmission congestion, the Commission considers that

* positive and negative benefits and costs

* Policy and regulatory interventions often
explicitly target these ‘externalities’ +

world-wide, electricity industry d Procris Crmererics Wes - ©
investment dominated by policy and
regulatory drivers
* Markets with significant externalities are * Mieb Dictionary of Cybernetics nd Systems
inefficient by ‘design’ - the AEMC agrees.
« And hence, efforts to improve efficiency PRINCIPLE OF SUBOPTIMIZATION
Of some p ar ts Of an e’ eCtr i Ci ty mar ket Optimizing each subsystem independently will not in general lead to a system optimum, or more

with unpriced externalities can potentially cronely, improvement ofa particular subsystem may acually worsen the overal Syt The e

reduce overall market efficiency bolicies adopted. (Machol. 1965, pp. 1-8) See also suboptimization.

A
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Potential implications for some current NEM ‘reforms’

— e.q. Transmission access and pricing from CoGATI to (now) CMM

Clean energy investors slam AEMC's * Does AEMC cost-benefit analysis weigh up
proposed network access reforms . . . . : i
possible efficiency improvement against this:

Michael Mazengarb 26 October 2020 u

If valuing ‘Time is (climate externality) money’

Shadow carbon cost estimation for delaying renewables uptake
Example where 2GW of a mix of wind and PV is delayed by two years

Estimated renewables capacity delayed (MW) 2000
Expected capacity factor (%) 36
Estimated time period of delay (months) 24
Emissions intensity of non-RE replacement generation (tCO2/MWh) 0.8
Chosen shadow price on carbon ($A/tC0O2) 90
Estimated foregone abatement (mtCO2) 10.1

A group of Australia’s leading clean energy investors has slammed the Australian Energy Market i i

Commission’s continued efforts to push controversial reforms to transmission network access, ESt' mated C l Imate cost Of de l d V cost (AS m) 908 2

saying they will stall new wind and solar investment and ultimately lead to higher electricity

prices for consumers. Conclusion

The Clean Energy Investor Group (CEIG), in a submission to the AEMC'’s consultation on the
- R(CEIS) . i _ Countries may choose different instruments to implement their climate policies, depending on
proposed reforms, warn the proposed changes — which they see as a revival of the controversial

Coordination of Generation and Transmission Investment (COGATI) proposal — could result in the national and local circumstances and on the support ‘thE}l' receive. Based on i"du-r’tr.'f and F'D"':}"
cancellation of up to 3,000MW of wind and solar project, and add billions to the costs of others. experience, and the literature reviewed, duly considering the respective strengths and limitations
of these information sources, this Commission concludes that the explicit carbon-price level

consistent with achieving the Paris temperature target is at least US$40-80/tCO, by 2020 and
- Endiapsenmhelectricitgtoorketvdesigruppdaciblicy environment is in place.

e
V- asssadd
A
1 “This is a perverse outcome for investors and consumers, and quite frankly it is difficult to
understand why the AEMC is persisting with this proposal. It highlights again why it should not

Collaborati E d H
OEivﬁfmﬁgﬁ; r\:z.ri;tin continue with its proposed grid access changes,” CEIG cthaHgHr(ﬁ EJ!%QHAG#BW?H@"S




And what of the investments by energy consumers?

Does the ESB plan
suitably recognise
the key role of
energy consumers
in clean energy
transition?

... or focus more
on reducing PV
feed-in tariffs and
restrict exports at
key times?

Collaboration on Energy and
Environmental Markets

Figure 3 DER Implementation Plan

Horizon One - Things we will do now Horizon Two — Things we will do next Horizon Three — Things in the future
Phased implementation and guides S Reform network
Introduction of Prioritise development to support uptake of enduring DOE IREUeININ I DX JUNinUee tariff
and standards for new DER installs
Dynamic of technical / cyber capabilities arrangements
Operating standards + guidelines to
Env‘elopes SUppOFt eniegy service Monitor and report emerging risks (cyber / interoperability) — share insights Cyber standards
(existing trials) delivery 3 g
across technical regulators and jurisdictions for DER
Further definition of DSO responsibilities re community storage tariffs, load Fit for purpose reg
control and procurement and delivery of DER network services
Emergency Deliver Build Turn- s o frameworks
backstops enhanced Up capability Develop 3
Increase visibility of
s f:’r Mli.ga d inf?:v‘:;:i:n (n”:_‘A:‘ENA intgrsfg{:esgn d DER to increase Define and develop shared capabilities through IT
yston P trials) data sharing certainty and reduce systems roadmap
protocols e

Increasing uptake of DER (PV, Batteries, Electric Vehicles) and removing barriers

Flexible Demand CiOmarY chn eranse ENERGY SECURITY
and DER is New technologies or R RS Post-2025 Market De ‘
rewarded in the service providers can Customers of g : = between
market — starting easily enter the provider to meet their PPN Final advice to Energy Ministers ¥4
with large market en:hrsy need;: they Part A
Citaae oose to do so

Iterative assessment of potential benefits and risks to customers us|

Zirsnkes r:'s::s;am:r:\stt%f Customers have fair Clear obligations on parties
consumers is built and equitable access to to ensure customer Protectio ~ uly 2021 LER{
into regulatory export their DER to the protections where there is
processes grid more than one provider

APSRC'21 - MacGill - Is the NEM 'fit for purpose' in driving clean energy transition

Customer outcomes

Consumers have access to
secure, reliable, affordable
and sustainable energy no
matter how they choose to
participate

Consumers are able to realise
the value of their flexible
demand and DER

Fit-for-purpose protections
framework improves
experience for all customers

17



s the NEM ‘fit for purpose’ in building societal consensus?

* The electricity sector suffers

significant trust challenges

...although appears some progress

Travel & Tourism

Risk
Report

Services
ENERGY

‘""' %N%JR\”E&S Food & Beverage
. - N Distrust is more
Confidence in the market T e )
is is the risk.

Technology

Banks

Industries with a Net
Trust Score (NTS)

W Positive (Rated 7-10) Neutral (Rated 4-6) W Negative (Rated 0-3)
Transportation

100%
Non-Bank Financial Services
90%
w i i H i ERGY CONSUMER
NTIMENT SURVEY

ES
w
o
[}
@

Pharmaceutical
70%

Household Topline Results
December 2021

Buildin Construction
60% uilding & Cons

50% Chemical

40%
30%
31
20% ENERGY
21 CONSUMERS
10% AUSTRALIA
0%
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Political Parties & Entities
Gambling
Real Estate & Property Developers

Government

Utilties >

Media

Industries with a Net
Distrust Score (NDS)

Telecommunications

II Ihl-.--__

Mining & Petroleum



Some preliminary conclusions

* Much to be optimistic about with NEM clean energy transition
... but much much more to be done

* |[sthe NEM ‘fit for purpose’ in delivering clean energy transition?
* Not yet ... but with work might be made ‘fit for purpose’ in facilitation role
* Key focus should be on the policies and regulatory mechanisms that will drive assured
clean energy transition of the magnitude and speed required
* Very high risk to assume that an energy market can deliver this transition

* Likely that the key focus of energy market design should be on efficiently
facilitating ‘external’ drivers

* while avoiding ‘efficiency’ improvements that actually impair transition and hence
make the market less efficient
* |s current NEM governance ‘fit for purpose’ in delivering clean energy transition?
* Now, that is a key question....

A
= APSRC'21 - MacGill - Is the NEM 'fit for purpose' in driving clean energy transition
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