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Executive summary

Power systems and energy markets in Australia and overseas are undergoing rapid transformational change. In the

years since the reliability rules governing the National Electricity Market (NEM) were deségsgstem has gone

from one that had excess capacity and was dominated by centraltargle, synchronous power plants, and passive

consumption, to the current environment with rapid increase of both distributed energyresouniad and solar

energy, coupled with retirement, or impending retirement, of conventional plant. The immediate future is expected to
see growth in battery storage, pumped hydro, and connected and standalone micro grids and micro markets.

Ensuring market arrangements are siradtin a way that draws on and -@ptimises the diversity of resources
available will deliver improved customer outcomes.
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transformation, it is approjate to consider whether aspects of the arrangements continue to be fit for purpose, and
reflect the dynamic and evolving needs of future energy customers. This is particularly important at a time where
affordability is a challenge for many energy custosp@nd satisfaction with value for money of electricity is down

across most NEM regians

In this document, AEMO has provided an overview of how changes are impacting operation of the power system in
Australia and consequently reliability and securithenrNEM. We have broken down the discussion into three key

parts, resulting in a number of recommendations highlighted for potential market reform to preserve system efficiency,
security, and reliability as well as improve affordability and emissiontolgecThe three key parts are:
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operation of the power system.
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changes are impacting on how we must operate the system, and changing the measures and resources we require

to ensure the system is reliable and secure.

3. Propositions for potential reform to address the impact of these operatingaakelt thallenges. In highlighting
these proposals, we reflect on the experience of other systems and markets to consider how different operators
and policymakers are seeking to address the effects of similar challenges and emerging characterigtics in the

own contexts.

AEMO has sought to highlight where security and reliability needs may be shifting across the NEM on the back of
changes in supply mix, electricity demand, and impact of weather. The table below summarises key changes and the
key operatioml challenges AEMO, as system and market operator, is now seeing in relation to those changes.

Table 1 Key system changes and operational challenges

Issue

What we are seeing

Operational implications

Potential avenues to address

Changing supply mix

9 More variablerenewable

energy

9 Less dispatchable

generation

9 Older resources

Changing electricity demand 9 Higher ramps for peaks
9 Lower minimum demand
1 More active consumers
1 More distributed energy

resources (DER)

9 Increased variability and
uncertainty in the resource mix
1 Increased reliance on direction

9 Increased variability and
uncertainty in demand

1 Erosion of baseload

9 Increased ramping requiremen

9 Forecasting improvements
9 Valuing flexible performance
9 Strategic reserves

i Day-ahead markets

1 Integrated gstem planning

9 Forecasting improvements
9 Use of DER

9 Valuing flexible performance
9 Strategic reserves

i Day-ahead markets

9 Integrated system planning

1 AEMO defines distributed energy resources to include resources located on the distribution system that can supplage Bekrgyaom the system, including
distributed and rooftop solar, storage, load managemamd, other forms of supply, including connected micro grids.

2 Satisfaction on this measure has decreased by as much as 17% in the ACT and 11% in Victoria (noting that the Tasmaeisirh@®eapped wholesale price
increases for twelve months). Energy Consumers Australgy Consumer Sentiment Subeegmbe2017, available at
http://energyconsumersaustralia.com.au/publication/energlysumesentimensurveyfindingsdecember2017/ .
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Issue What we are seeing Operational implications Potential avenues to address

Changing impact of weather § Temperature changes 9 Increased demand 9 Planning operating standards
1 Extremity of weather 1 Increased stress on system ov  { Use of DER
events prolonged heat periods 1 Optimising utilisation of demand sic
9 Increased risk of disruption respons® for reserves to manage
1 Increased uncertainty uncertainty and support greater

system resilience
9 Forecasting improwgents

The changing power system

It is clear that the resources available to supply electricity in the NEM are undergoing a major transformation. These
changes are evident across both the tradibandonal &ésuppl
concurrently with current and forecast retirement of conventional thermal generation as it reaches the end of its
economic life, growing investment in-gdele wind and solar generation, and a rapid uptake and increasing

penetration of rooftop sat photovoltaic (P\f)anels at household level.

The rate at which these changes are occurring, and are forecast to casximmen in Figure 1. Figure 2 provides a
forward projection of trends in the uptake of distributed energy resources, with evieomeutral projections

anticipating considerable growth between now and 2035. The drivers we see contributing to this changing power
system are discussed below.

Figure 1 NEM plant mix change, 2008 to 2017
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Figure 2 Forecast trends in distributed energy resources
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Changing weather conditions

Weather has always had an influence on the operation of power systems. High demand days have been associated
with cooling and heating needs, infrastructure is designed to withstand levels of extreme weather, and the capacity of
networks to transmit power is related to contingencies and ambient temperature. So, the system is designed and
operated with a view to the weather. What is different now is that:

1 The climate is changing, in terms of temperaameextremityand scaleof weather events.

1 Weather itself is now a major fuel source.

The Bureau of Meteorology has nétedh at 2017 wa swadness dnreaordi(sdaguse 3below, which

also provides a visual representation of the trendmgwua r ds i n Australiads mean tempe
climate records be g aaveraged méad feidperaturédfar 2017 veas 0.98°&slsiua (Crabove

the 1961-1990 average. Maximum temperatures were the seagadnest on record at.27°C above average,

coming in behind +1.45°C in 2013. Minimum temperatures were 0.62°C above average, the 11th warmest on record.

Figure 3 Australian mean temperature anomaly
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Source: Australian Bureau of Meteoroldgynual Climate Statement 2017

Increasingemperatures and presence of prolonged heat events impact system reliability in several ways. These
include increased challenges associated with managing coincident peaks (concurrent hot and humid days in multiple
regions and across major cities in the N&Micularly when combined with projected population growth and an

increase imir-conditioniny the impact of prolonged heatwaves on grid resilience (where increased system stress can
result in increases in individual plant failures, particularly mgggants), and more broadly the increased risk

associated with bushfires during these periods that impact system availability.

Further, increasing extreme temperatures from climate change and urban development means increased health and
safety risks fromonsupply during these events, compared to when the reliability standard was first established. As
Figure 4 shovwsback in 1998, temperatures as hot as experienced in 2013 had never been observed. The Bureau of
Meteorology is projecting that 2013, while considered a hot year now, will only be an average year by 2030. In the
next 10 yearsthe Bureau of Meteorology gjectsmore frequent and hotter hot days.

3 Australian Bureau of Meteorologdnnual Climate Statement 20available at http://www.bom.gov.au/climate/current/annual/ausAustralian climate records
commenced in 1910.

4Figureisom The Australian CIl i mat eAuCshtarnaglei aSicsi, 2ohbcamraigtlenagg rcalmonsa treepor t ,
https://www.climagchangeinaustralia.gov.au/media/ccia/2.1.6/cms_page_media/176/AUSTRALIAS_CHANGING_CLIMATE_1.pdf
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Figure 4 Australian mean annual surface warming in the past, and for future emissions pathways
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All thesefactorssuggesthe needfor additionalreservesn the systenthat canbe madeavailable duringthese
predictablebut rare combinationef circumstanceBorinstancetransmissiooutagesarisingasa resultof bushfires
canhavea majorimpactontheresourcemixavailable to affected regions Demandside solutionsanenhance
resiliencen the face of majorbulk systemsupplydisruptionsind reducethe needfor majoradditionalinvestment®
coverextremeeventsThesdactorsfurtherillustratethe benefitsof a broader resourcemix,better engagingprice
responsivelemandas a viable resourcéo meetcustomedenand, and the potentialto improveoverall system
efficientand energyprice outcomes.

Changing supply and demand curves

Rooftop solar has had a fundamental impact on usage and the system demand profile in receks Yeguse 2

shows,ite NEM has witssed unprecedented growth of rooftop solar PV drfitsm approximately 14,000 units

in 2008 to 1,700,000 unitsafth anestimated output of 4,91hegawatts MW]) in 2017. Currently, this resource sits
behind the meter (on cteswken iniesumy It uppkesthesloea Ipad and expogssthee r a
rest to the grid.

Rooftop solar is not visible to AEMO in real time, and cannot currently be controlled or coordinated. However, it can
be seen onhe grid as the welk n o wn ¢ &ad &maiely, low demand in the middle of the day, with a larger
ramp to the evening peak. This change impacts the demand profile, even on average demand days.

The effect of the changing curve can be clearly seen in Figure 5, which demonstrates the changseABNIO is
average operational demand, with significant variation in the shape of operational demand over the period from
2010-17 coinciding with the rapid uptake of solar PV resources over this period.

Figure 5 Effect of growing rooftop solar

SA average operational demand (MW

Note:Figure 5shows average operational demand in South Austietiesérends are emerging in other NEM regions and the Western Australian
Wholesale Electricity Market (WEM).
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Mid-day minimums are now expected in regions with significant levels of rooftop solar penetration, and new midday
low consumption records are becoming common. For example, South Australia experienced its lowest operational
demand since 2015, of 661 MW, 4d13:30 on 2 October 2017. The highest demand that day was 1,409 MW at

20:00, already representing a large variation. Most of the variation that day was managed by generation in other
regions, through the interconnector with Victoria.

Western Australia islso experiencing these changes, and all regions of the NEM should expect them as rooftop solar
penetration increases.

For AEMO, these low periods can create challenges for maintaining minimum levels of generation available to
respond to load changes and some levels may cause voltage changes.

Analysis undertaken by AEMO further shows it is possible to have sufficient resources to meet the NEM reliability
standard while simultaneously having a high risk of insufficient supply to meet demand underenueelex still
plausible, future conditions. The changing demand profile is contributing to this growing difference in the expected
level of unserved energy (USE) and exposure to potential supply shortfalls at times of peak.demand

The installation dfigh levels of embedded solar PV generation across the NEM is leading to a later and shorter peak
in the O6operational demandd or net demand on the syste

Figure 6 Changing load shape is resulting in a shorter and later operational derdgreak
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Because the USE reliability standard is an annual statistical forecast, the actual occurrence of load shedding in a given
year over a particular combination of weather events could be much higher than the expected level. As a specific
example, emperatures of 40°C or higher in Sydney could be the catalyst for extram&Qlyear electricity

demand conditions, particularly when these temperatures are experienced towards the end of the day when business
demand is still relatively high, residentlamand is increasing, and rooftop solar generation is declining.

The value of customer reliability during a severe and widespread outage is likely to be higher than at other times.
Further, increasing extreme temperatures from climate change and uphgetipa growth and development means
increased health and safety risks from-sopply during these events compared to when the reliability standard was
first established.

An increasingly oOpeakyd system de madfalrelatively bhortdergtion. r e r e s
Reserve management and market interventions

Examination of historical Lack of Reserve (LOR) conditions also highlights the increasing influence of weather on the
power systend both as a fuel source, and through climatgk. While demand peaks have always been uncertain,

and likely to vary according to the weather, the power system must now also manage increased uncertainty and
variability of supply. LOR notices are issued by AEMO to indicate to market participahterrigin available

supply reserves, with notices increasing from LOR1 to LOR3 to give clear signals that the system is approaching closer
to a point where AEMO, as operator, would need to shed load to avoid system loss.

5 Unserved energy (USE) means energy that cannot be supplied to consumers, resulting in involuntary load sheddingh@ossipply)isbecause there @ n
enough generation capacity, demand side patrticipation, or network capability, to meet demand. The planning reliabilidy asachefined in the Rules (clause
3.9.3C), is a maximum expected USE in a region of 0.002% of the total energy demandedegitmafor a given financial year. This is discussed further in
Appendix A3.
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In Figure 7 below, the number @R notices issued by AEMO over the past decade indicates an increase in the
incidence of LOR2 and LORS3 conditions being observed, consistent with the tighter supplies and increased exposure to
weather anomalies over this period.

Figure 7 History of LOR notices, 2@09 to 201718 (year to date)
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Note: This figure uses the history of Market Notices of LORs being issued, which is similar to how the AustraliareEdengyigsidn (AEMC)
has counted LORs in reporting market performance. The count does not exactly match the number of times LOR coniditoh$heieieows
the same trend and also enables us to go as far back as-2908

Consistent with the chamgiesource mix, and challenges associated with predictability of resources on the system,
AEMO needed to procure greater volumes of strategic reserves in the lead up to summEs. 288V O entered

into agreements with large electricity users, retailes g@gnerators to secure a total of 1,180/ of strategic

reserves across Victoria and South Australia that we can call on through the Reliability and Emergency Reserve Trader
(RERT) proceéss emergencies, such as radti heatwave events occurring caonently across both South Australia

and Victoria. The use of RERT over summerI®®as only the fourth time AEMO (and its predecessors) have

needed tocontract forthis mechanism over the past two decades, the last time being in 2014.

As the generatiomix changes, it is becoming more challenging to maintain the security and reliability of the power
grid. AEMO has found it increasingly necessary to both impose constraints on generation and use our directions
powers to maintain system secuaityl a reliecble operating state

For example, the high proportion of reynchronous generation in South Australia means AEMO is often intervening to
maintain a balance between synchronous anesynchronous generation. Using powers of direction to meet the need

for a level of conventional plant in these circumstances is necessary but undesirable. It generally leads to higher costs
to customers through intervention pricing and the payment of compensation.

With time and further devolution of the system in a disgrde/, these inefficiencies will continue to grow. While

system strength requirements are currently the most binding, in many cases, if AEMO was not intervening to maintain
system strength, we would still have to intervene via the use of constrainthaatdeections to address other

technical requirements, such as maintaining minimum amount of inertia in NEM regions that may be subject to islanding.

Figure 8 illustrates the number of directions (mandatory instructions made by AEMO to genenatw®dnskervice
providers NSPs) for system security purposes) issued in the NEM in recent years.

6 TheRERiB a functioravailable to AEMOto maintainpower systenteliability and systensecurityusingreservecontractsltistermedd orhd r lkagthe enerationor
demandresponseitsoutsidethe wholesaleelectricitymarket.
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Figure 8 Number of AEMO directions in the NEM since 2010
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The same resources can often supply a nuaflessential services to support both security and reliability. An
efficient approach to market design would seek toptimise investment in and deployment of resources to meet
these needs.

Meeting consumer expectations

The concurrence of all these drévin the operating environment, with resulting impacts on market outcomes, are

creating a highly challenging time for energy customers across the NEM. Consumer confidence in the energy market is
at an alktime low nationally, with falls in every stataldarritory, and consumer confidence that the overall market is
working in their interests averaging 21% natiorfalyt the same timeommunity interest in relation to the energy

market outcomes and management of reliability is at atinadl high.

Asmarket operator, ar ultimate objective is to operate efficiently to support affordabftityAustralian consumers,
whiledeliveringpower system security and reliability, and meeting our emission reduction commitments.

Fortunately, many of the same afpesin technology and resources that are creatiafjenges for system operations
can also become solutipii@pproaches to the market and regulatory conventions acalibrated to address the
changed conditions. Specifically, the advent of advamtedigence in the networlesd increased levels of
distributed energy resource investment that supports more elastic and flexible price responsivecdarhandme

an asset for supporting reliability in a more efficient manner if they can be reliedoyp®EMO.

As system operator, AEMO must usedgtermined involuntary load reductions to keep the system intact during
periods where the supply is inadequate to safely meet demand. Failure to strategically shed |apthesein
periods will risk blacuts and greater consumer disruption. However, involuntary loss oftgeigally is not a
publicly acceptable outcomand is in and of itselfan extreme measure. During periods of hot temperatures,
involuntary loss of power poses significant riglaah to public health and safetlso, & the overall economy
becomes more digitised and powdgpendent, even shetigérm losses of the system can have substantial adverse
economic effectErequent and regular outages can also cause business consleaeesttte system to achieve
higher reliability, which can have negative economic consequences on the overall economy of the system.

Historically, our only choice to avoid involuntary load reductions during peak periods or to address unplanned
generationor system outages would be to construct new peaking generation, along with the transmission and
distribution necessary to accommodate peak conditions. Now, with the increase in distributed energy resources and the
capability of enabling price responsiverdand as a resource on the system, properly designed wholesale markets

can support allowing AEMO to rely on voluntary and price responsive load reductions and shaping to achieve higher
degrees of reliability using embedded assets in the system.

This capality, along with additional diversity of supply supported with increases in interconnector capability, will
naturally increase competition in the markets and, with increasing system reliability and security, will support more
economically efficient systemde asset utilisation. The net outcome of adesligned tweway market can create
significant consumer benedita more efficient, reliable, and secure system at a total lower cost at the meter.

7 Energy Consumers Austraingrgy Consumer Sentiment Subeegmber 2017, available dtttp://energyconsumersaustralia.com.au/publication/energysumer
sentimensurveyfindingsdecember2017/ .
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Adapting market design to meet changing power system ise

As the mar ket and system operator, AEMOG&6s objective i s
reliable, and cosefficient power system. The power system operating requirements are of paramount importance
and should be the startimppint for the reliability framework of the NEM.

Power markets do not exist in the abstract. Power markets are a vehicle for meeting the needs of a highly complex
and integrated power system. For any regulatory or market design to achieve vabam$oimers, the starting point

must be an understanding of the existing and evolving needs of the system. Markets need to clearly value the services
and system needs, to promote the appropriate investment and operational outcomes desired.

The key issue ishether a market designed principally around rgale spot energy markets and bilateral contracts
is sufficient, now and in the future, to achieve optimal economic outcomes for consumers and investors.

Based on recent experience operating the marketsQAEeves this is no longer the case and appropriate
adjustments must be made. This view is based on key changes we are observing in the market. These key changes are
summarised here and discussed in more detail in this report.

A. Price formation and payrhéor flexibility and availability

The current market design relies on contract obligations and price scarcity to incentivise generators to bid into the
spot market. This market design presumes that generators will naturally bid in to avoid contract risk. However, this
contract risk only ears when the generator perceives prices will be higher in the market than its contract price.

Due to the increase in zero marginal cost renewable respootiesn front of and behind the meter, traditional
dispatchable generators will not bid in if yhgerceive that prices will be low or negative due to the presence of

these sources of supply. In many hours of the day, the potential forecast presence of these renewable resources is
keeping the spot price low. Dispatchable generators that have higitetesim marginal costs than the market

prices will rationally not bid during these periods for fear of driving prices even loweduédb weather and

resource variability, it is during these periods that AEMO relies on these resources to manaigeabigred

supply requirements.

In effect, the single price for energy no longer accurately prices the value of these essential capabilities, thereby
necessitating some level of unbundling and payment for performance to avoid spot price distortion.

AEMO's dy available tool for this now is market intervention, which we are increasingly required to use to
manage reliability and security risk. AEMO considers this@psinal result. We believe that once the market is
aware of and can be paid for these avabdity and reliability services, the market will offer in resources that

are more diverse and provide to customers the benefits of competition and innovation. Chapter 3 of this paper
discusses market design options.

B. Changed load profile and ramping requésts.

The increased presence of rooftop solar is having a significant impact on the load profile in parts of the NEM
today, and that will only increase. It has the impact of creating very low loads, at accompanying low prices, when
solar output is highesind a very high and fast ramp in the afternoon. As noted, in the industry this is known as
the o0duck curveo.

To maintain system reliability at an efficient price, the full range of resources available need to be valued for the
characteristics they céning to the market. The current arrangements do not fully optimise the value that could
be delivered by somresources, particularly pricesponsive demand and fast responding storage. To deliver
improved market outcomes, flexible resources shouldkdopte, be rewarded for their ability to shift denthn

to the low load periods and twllow the ramp more effectively and efficiently.

The current market design does not support these capabilities, and no single participant has sufficieidesystem
sitational awareneswhichAEMQ through a weltlesigned marketould provide to value this capability.

C. Resource diversity and economic optimisation.

Supply and demand resources in the NEM are much more diverse than when the market commenced, and this
chang will continue.

The NEM was designed around conventional dacgée central supply resources, and has worked well to allow
these resources to seimmit and optimise economic results. The NEMadsto operate with moréndividual
and diversetypesof resources, which, in addition to having a very different cost profile, have different time
periods in which decisions must be madwipport efficient outcomésiproved price signals and changes in
commitment obligation have the opportunity to rethacgers of entry for new resources and impréveé MO 6 s
ability to optimallydispatch the resourcés economic and system efficiency.

For example, demand and storage resources that can support improved load profiles, as well as resources that
require fué purchase commitments, have improved opportunity to commit if they can commit prior to the day of
the dispatch interval. Most spot markets throughout the world have some forrabéddycommitment by

individual participants, which supports greater sugplersity and cepptimisation across the resource fleet.
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D. Investment requiremeéhtearket design also impacts investment decisions.

Unless essential services for reliability and security are accurately valued and priced in the market, the signal that
supports investment in these resources is impaired. The consequences of this are harmful to the future of the
market. Investments in resources that support the need to maintain supply reliability will alternatively lead to
further vertical integration whenedividual companies will build only to meet their more certain mass market
demand, or will depend on government intervention.

We see that occurring today in the NEM. The National Energy Guarantee (the Guarantee) will help solve this
challenge, but (aveé Energy Security Board (ESB) similarly observes in the Guarantee consultafipn paper
absent more modern design in the spot markets, the Guarantee will only be able to offer a partial answer.

The changing dynamics present both challenges and oppesttmitie market, and to AEMO itself in carrying out
our role as independent system and market operator. These changes have implications for reliability, security, and
ultimately the prices being paid by customers.

Based on the changes we see in the sy#t&O is concerned that the current market design is not sufficiently

valuing resource characteristics of flexibility and dispatchability, and that, in the absence of a market design change,
sufficient investments in new resources or existing rescatrpesvide dispatchable capability are unlikely to occur.

We note our observations are consistent with similar findings in the Finkel Review.

With a higher degree of variability in output and reduced predictability in the resource mix, AEMO is needing to
intervene in the market on an increasing basis to maintain system security and reliability. Although measures taken
are necessary, and it is within AEMOO®s roptimal dutcdames t ak e
for customers.

In his changing context, AEMO considers that a more encompassing and holistic view of the needs of the future
framework should be taken, and would like to work with ESB colleagues and stakeholders to carefully consider the
following suite of potential reforms

9 An operational reliability standard, beyond the existing reliability standard, which factors in a level of reserve to
manage power system reliability during extreme conditions. In real time, sufficient operational reserves need to be
available from flexibé, dispatchable resources to respond to variable resources, changes in consumer demand, and
plant contingencies.

1 The power system also operating with strategic reserves that sit outside the market (which respond quickly and are
available when we need thgrehould a gap in supply and demand arise. These reserves should be procured in the
most efficient manner possible to reduce costs to consumers.

1 Improved mechanisms to value and pay for reliability and flexibility.

The areas of reform that AEMO beliewd®uld be pursued holistically also formed simglzommendation in the
Finkel Bview adopted by the COAG Energy Council. AEMO looks forward to working with ESB colleagues and
stakeholders to develop the addins to the current market argements to ense consumer demands for reliable,
secure and affordable power are addressed

8 The ESB consultation paper on the National Energy Guarantee is availettybe/aiww.coagenergycouncil.gov.au/publications/enesscurityboard-nationat
energy-guaranteeconsultatiompaper.
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1. A changing power system

Operation of the power system to deliver electricity to consumers is the outeccnenplex

integrated system of independent systems, which must be highly coordinated. The power system
can function well only when operated within certain physical parameters that adhere to particular
engineering principles.

Central to efficient realime power system operation is the process of secwrigtrained economic dispatch, where

resources are continually-gptimised to meet consumer needs at the lowest cost while keeping a broad range of
power system parameters within tight technical liffissfundamentals of this process are the same, regardless of

whether a competitive market is in place or not.

In the transforming power system, while the engineering principles are the same, the complexity of achieving them
is radically different. Inhe last decade, the National Electricity Market (NEM) has changed from a system with a
high level of gridscale, synchronous generation with sufficient supply and reserves, to one that includes both
synchronous and reynchronous plant, diverse souréssipply (including storage), consubresed resources

that can supply critical system functions, and the capability to use data and information in ways that were
inconceivable in prior periods.

The scale and speed of the change in Australiais notewortiyar t i cul arl'y given our syst ¢
largest geographically, yet relatively small electrically. Australia is not alone, however, in experiencing these
phenomena. Power systems and power markets throughout the world are reviewing amng ditksipthpproaches to

gain maximum advantage from these resources to achieve desired economic and reliability outcomes, while also
pursuing jurisdictional environmental goals.

The attributes required for modern markets with high degrees of variable @rd@ienergy resources include
greater visibility, flexibility, and speed to manage expected and unexpected variations in supply and demand, as
well as other essential system services, such as system strength, frequency control, and voltage control.

In th§ chapter we discuss the fundamental transformational changes currently occurring and impacting operations in
the NEM both now and in the future, being the:

1. Changing supply mix.
2. Changes occurring in electricity use.
3. Influence that changing weather condgiand climate are having on the power system.

1.1 The changing supply side

In this section we explore:

1 Changes in the generation mix over the last 10 years.

9 Expected retirements of the aging coal generation fleet.

1 How the changing economics are expectddftoence future investment.

1 The investment that has been foreshadowed to date through committed and proposed projects.

Throughout the early 2000s, there was relatively strong investmentgtaglecdispatchable generation.

Dispatchable generation is gamation whose output can be relied upon to follow a target at some time in the future.
This includes conventional lasgale generation (using coal, gas, liquid fuels, and hydro), while wind and solar
generation in operation in the NEMhot fully dispathablé.

9 For more information on dispatchability and oherwe r sy st em r e q uPoweeSystem Raquirenqemter, avatablad s
http://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Securityand-reliability.
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The NEM is now facing an unprecedented replacement of its generation fleet. Evidence of this radical transformation
can be seen in the change in the portfolio of supply resources in the NEM over the last decade, with a shift away from
coal generdion to natural gas and wind as fuel sources.

More specifically, 5,199 megawatts (MW) of baseload generation has retired in the past ten years. Over the same
time period, these resources have been replaced with 2,895 MW gb@asred generation (GPG), 3MW of
hydro, 91 MW of liquid fuel, 2,965 MW of wind, 265 MW of gridcale solar, and 186 MW of other sources of

generation, such as biomass. Since 2014, new supply resourcbedrapeedominantly renewables. Figure 9 shows
thechange in the past decade

Figure 9 NEM plant mix change, 2008 to 2017
2008 Change (GW) 2017

| . N

qu

0.0
01
45

= Strategic reserve = Battery storage = Solar
Wind = Waste or biomass Natural gas
u Liquid fuel u Hydro u Coal

Changes to the supply side will continue. With the March 2017 retirement of Hazelwood Power Station, 1,600 MW of
dispatchable generation was removed from the NEM. Approximately 1,800 MW of further operating capacity
(Liddell) has been announced as intending to withdraw over the coming five years.

When all the aging coal generation fleet is considered, approximately 16 gigawatts (GW) of capacity is expected
to leave the NEM by 2050 and will need to be replaced inesdonm. The expected retirement of the coal
generation fleet is shown in Figure 10 béfw

Figure 10 NEM coal generation fleet if plant retires as announced or attb9ear from full operation
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Older baseload units find it increasingly difficult to compete icuh@nt environment. These units have historically

relied on relatively constant high production levels and stable revenues. In general, they are not well suited to respond
to rapidly varying energy system needs. Their business model will be furthegeltblig increasing variability in

the system and falling costs of competitive sources of energy, which in turn could lead to earkipe tiah

retirement. Further to this, the economics for investment are also changing. Investment in gendrating plant

10 Australian Energy Coun&8lbmission to the Parliamentary Enquiry, Retirement of coal fired poweGstétiemailable at
https://www.aph.gov.au/parliamentary_business/committees/senate/environment_and_communications/coal_fired_power_stasimsésubm
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energyonly markets depends on wholesale prices responding to reserve scarcity and exceeding new entrant costs.
This is backed up by contract markets that reflect these underlying prices, but provide a stable revenue resource.

There is evidence from tlast few years that the connection between reducing reserves, increasing wholesale spot
prices, and additional supply is not being borne out in the NEM. The costs of variable renewable energy (VRE) and
storage have fallen at an unprecedented rate and icouet to fall. The business case for these assets relative to
conventional generation continues to grow stronger, due to the combination of these cost decreases, relative risk
profile, consumer preference, and government support.

AEMO analysis (discusseaniore detail in Appendix 1) reveals that:

1 There is a disconnection between low reserves and prices. Figure 11 illustrates that many price spikes in South
Australia have occurred during regarce conditions, while price spikes in Victoria have beenmtioeewith
scarce conditions, particularly this summer (there were no price spikes at that level in Victoria in 2017).

1 Despite record high wholesale price increases, current and projected prices and volatility do not provide sufficient
financial incentiveor new dispatchable plant. Figure 12 shows the continued reduction in the business case for new
build dispatchable gas plant. As wholesale market price projections are critical for asset valuations, prospective
investors are unlikely to build new dispatale plant under current and forecast market conditions, nor to invest in
upgrading existing plant, absent certainty of a forward price commitment.

fThere has been a drop in overal/l l'iquidity in the con
available ASX Energy futures data includes a material drop in overall liquidity (volume traded multiplied by
megawatt hours (MWh)) of both swap and cap products traded since 228% @nd-19% respectively).

- In South Australia, swaps and caps haverfd@lE% and 62% respectively (see Figui®i Appendix Al1.3,
left hand side).

- New South Wales has also seen a large reduction in ASX swap and cap liquidity, down 50% and 21%
respectively (see Figur® 3ight hand side).

- Swap liquidity in Queensland fell 19% and cap liquidity remained stable (rising 1%).

- Swap liquidity in Victoria rose §¥vhile cap liquidity fell 34%.
Figure 11 Incidence of price spikes during lack of reserve (LOR) and-h@R conditions
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Figure 12 Comparison between th levelised cost of electricity (LCOE) of new build opeycle gas turbine (OCGT) and
closedcycle gas turbine (CCGT), and forward price curves
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Figure 13 Traded futures volumesy product in the NEM since 2014
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The aalysis AEMO has undertaken is supported by the information we collect from participants relating to the
capacity of existing, withdrawn, committed, and proposed generation projects in the NEM.

Figure 14 below provides details of the currently committaxges to generation capacity in the NEM his

shows that VRE makes up the majority (96%) of new committed capacity builds. As at December 2017, 3.7 GW
of nondispatchable capacity (largscale wind and solar) has been committed in the NEM, while@higW. of
dispatchable capacity has been committed.

Figure 14 Committed changes in generating capacity in the NEM
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Looking beyond committed developments, a number of announced projects do add some dispatchability to VRE by
adding a level of local storage (typidgla small proportion of the VRE capacity). There issalsstantiainterest in
pumped hydro storage projects.

Figure 15 and Table 2 below summarise all NEM installed capacity at 4 January 2018, including committed and
proposed projects. While it is egpted that only some of the proposed projects will be completed, it does

indicate the vast majority of proposed projects are solar and wind and this category includes only limited
dispatchable resources.

11 For details of generation in each category, as advised by generators e e  AEMOG&6s Gener ation I nformation webpage at
https://www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Planningand-forecasting/Generatiofinformation A definition of the criteria for committed
projects is in each regional information spreadsheet on this page, on the OFE
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Figure 15 Existing, committed, and proposed generation in tN&EM at 4 January 2018
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Table 2 Existing, committed, and proposed generation in the NEM at 4 January 2018

Status Coal Gas Gas Gas Solar* Wind Water Biomass Storage Other Total
CCGT OCGT other

Existing** 22,916 3,013 6,434 2,159 323 4,462 7,941 579 100 142 48,070

Announced 2,000 208 34 30 - - - - - - 2,272

withdrawal

Existing 20,916 2,805 6,400 2,129 323 7,941 100 142 5,798

less 4,462 579

announced

withdrawal

Committed 78 - 4 - 1,812 1,776 4 2 29 3,737

31

Proposed - 500 2,950 - 12,735 17,047 4,784 110 1,758 40,098
214

Withdrawn 1,600 -62 - - - - - - - - -1,662

* Excludes rooftop photovoltaic (PV) installations.
** Existing capacity includes generation announced to withdraw but still operating.

1.2 The changing demand profile

Rooftop solaphotovoltaic (P\Was had a fundamental impact on usage and the system demand profile in recent
years. The NEM has witnessed unprecedented growth of rooftop solar B\ranitapproximately 14,000 units in

2008 to 1,700,000 units (estlmaie)utput of 4,917 MW) in 2017. Currently, this resource sits behmd the meter (on
consumers® premises) and generates when it is sunny.

Rooftop solar is not visible to AEMO in real time, and tannently be controlled or coordinated. However, it can
be seen on the grid as the wklio wn  &cduur &kandely, low demand in the middle of the day, with a larger
ramp to the evening peak. This change impacts the demand profile, even on averagd daysa

The effect of the changing curve can be clearly seen in Figure 16. This demonstrates the change AEMO is seeing in
average operational demand, with significant variation in the shape of operational demand over the period from
2010-17, coinciding \th the rapid uptake of solar PV resources over this period.
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Figure 16 Effect of growing rooftop solar
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Note: Figure 16 shows average operational demand in South Australia. These trends are emerging in other NEM regioestend the W
Australian Wholesale Electty Market (WEM).

The recent high temperatures experienced in Queensland during the week commencing 12 February 2018 provided
further evidence of the duck curve. On 12 February 2018, the scheduled peak demand of 9,550 MW occurred at
18:50, which was mudtdter in the day than previous peak records.

This phenomenon is not confined to Australia. For instance, recent experience in California, shown in Figtie 17 below
also demonstrates this change.

Figure 17 California lowest March daytime net load, 20116
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Theeffect of rooftop solar is even more pronounced on low demand days. An example of a low grid demand day is
Boxing Day. Comparing the demand profile on Boxing Day 2014 against that on Boxing Day 2011, Figure 18 shows
that the lowest demand of the day, whitds conventionally been seen in the early morning, occurred in the middle of
the day in 2014, at a time of maximum behitigmeter solar generation.

12 Figure sourced from Scott MaddBweyisiting the California D@krve: an exploration of its existence, impact, and migration pdbeober 2016, available at
http://www.scottmadden.com/wpontent/uploads/2A.6/10/Revisitingthe-DuckCurve_Atrticle.pdf
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Figure 18 Changing demand profiled South Australia, Boxing Day 2011 vs 2014

Mid-day minimums are now not ungwmn in South Australia, and are setting record lows. South Australia experienced

its lowest operational demand since 2015, of 661 MW, at 13:30 on 2 October 2017. The highest demand that day

was 1,409 MW at 20:00, already representing a large variation. Mafsthe variation that day was managed by
generation in other regions, through the interconnectc
require resources that respond quickly and for relatively short duration.

With increased uptake aboftop solar panels and home batteries in Australia and overseas, the costs will continue to
decrease. This, combined with new technologies, is forecast to increase the level of distributed energy resources (DER)
into the NEM. This is expected to furtiemge the load profile and impact new and existing investments. As

discussed in Chapters 2 and 3, the opportunity exists to use these investments to support greater competitive diversity,
flexibility, and value of the NEM, but this will require changéeinurrent market design.

Further, consumer behaviour, with growing prosumer interest, is impacting on electricity use and demand profiles at
a wholesale level. Emerging technologies can now allow consumers to take a more active involvement in how thei
energy will be managed beyond the installation of rooftop solar panels, such as the use of home energy
management systems.

Other factors that also impact the load profile, and which AEMO has discussed in our electricity f&teoaiiohes

1 Increasingir-conditioning load. While the new record demand experienced in Queensland in the week
commencing 12 February 2018 is yet to be investigated, it is expected that the cheaper cost associated with
installing aiconditioning units, and increased numbietisese units, contributed to the maximum demand.

1 Reduced manufacturing load.

Against a backdrop of projected scenarios, where some scenarios Identify between 30% and 45% of all energy
will come from DER by 2050, it is clear that the impact of trends will continue to grow. This can be seen in
Figure D belowt4,

13 Seehttp://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Planningand-forecasting/ElectricitfForecastindnsights
“These DER forecast s we Electrigity StattmentodOpgodun{E#08)MOds 2017
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